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FUNGI (LICHENES) 
Determined at the Farlow Herbarium 


Cladonia gracilis (L.) Willd. var. elongata (Jacq.) Floerke 
Southwestern Kansu: Tao River basin, nos. 13187, 14937. 
Lobaria pulmonaria (L.) Hoffm. var. hypomela Crombie 
Southwestern Kansu: Lower Tebbu country, nos. 14848, 14867. 
Peltigera aphthosa (L.) Willd. 

Southwestern Kansu: Tao River basin, no. 13188. 

Sticta Henryana Muell.-Arg. 

Southwestern Kansu: Lower Tebbu country, no. 14839. 


POLY PODIACEAE 
Determined by E. B. CopeLanp 


Woodsia lanosa Hook. 
Southwestern Kansu: Lower Tebbu country, no. 14879. 
Woodsia macrospora C. Christensen & Maxon in Jour. Wash. Acad. 
Sci. xvit. 499 (1927). 
Southwestern Kansu: Tao River basin, no. 13712; Lower Tebbu 
country, no. 14780. SH 
Cystopteris montana (Lam.) Bernh. 
Southwestern Kansu: Lower Tebbu country, no. 14871. 
Pteretis Struthiopteris (L.) Niewl. 
Southwestern Kansu: Lower Tebbu country, no. 14731. 
1For the enumeration of the ligneous plants collected for the Arnold Arboretum 
by J. F. Rock see Jour. Arnold Arb. 1x. 4-27, 37-125 (1928) ; xu. 385-409 (1932). 
Except when stated otherwise the plants in the following enumeration have. 
been determined at the Botanic Museum, Berlin-Dahlem. 


New species and varieties based on material collected by J. F. Rock are marked 
with an asterisk (*). 


JOURNAL OF THE ARNOLD ARBORETUM [VoL. XIV 


Dryopteris paleacea (Swartz) C. Chr. var. khasiana (Clarke) C. 
Christensen in Contrib. U. S. Nat. Herb. xxvr. 280 (1931). 
Dryopteris filix mas (L.) Schott var. khasiana Clarke 

Southwestern Kansu: Lower Tebbu country, no. 14841. 

Dryopteris Robertiana (Hoffm.) C. Chr. 

Southwestern Kansu: Lower Tebbu country, no. 14778. 

Polystichum Braunii (Spenn.) Fée 

Southwestern Kansu: Lower Tebbu country, no. 14840. 

Polystichum molliculum Christ 

Southwestern Kansu: Tao River basin, no. 13135; Lower Tebbu 
country, no. 14822. Eastern Tibet: Radja and Yellow River 
gorges, no. 14027 (in part). 

Asplenium varians Wall. 

Eastern Tibet: Radja and Yellow River gorges, no, 14027 (in part). 

Athyrium acrostichoides (Sw.) Diels 

Southwestern Kansu: Lower Tebbu country, nos. 14842, 14869. 

Athyrium filix femina (L.) Roth 

Southwestern Kansu: Upper Tebbu country, no. 14634; Lower 
Tebbu country, no. 14697. — 

Athyrium filix femina (L.) Roth var. cyclosorum Rupr. 

Southwestern Kansu: Lower Tebbu country, no. 14705. 

Athyrium spinulosum (Maxim.) Milde 

Southwestern Kansu: Lower Tebbu country, no. 14779. 

Notholaena Delavayi (Baker) C. Christensen in Contrib. U. S. Nat. 
Herb. xxvr. 307 (1931). 

Gymnogramme Delavayi Baker 
Gymnopteris Delavayi Underw. 

Southwestern Kansu: Lower Tebbu country, no. 14881. 

Cheilanthes argentea (Gmel.) Kze. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
13910. 

Adiantum latedeltoideum (Christ) C. Christensen in Act. Hort. 
Gothob. 1. 94 (1924). 

Adiantum monochlamys var. latedeltoideum Christ 

Southwestern Kansu: Lower Tebbu country, no. 14714. 

Adiantum pedatum L. 

Southwestern Kansu: Tao River basin, no. 14647; Lower Tebbu 
country, no. 14870. 

Polypodium clathratum C. B. Clarke 

Eastern Tibet: Radja and Yellow River gorges, no. 14028. South- 
western Kansu: Lower Tebbu country, no. 14880. 

Polypodium eilophyllum Diels in Act. Hort. Gothob. 1. 100 (1924). 

Southwestern Kansu: Lower Tebbu country, no. 14719. 
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Polypodium lineare Thunb. 

Southwestern Kansu: Lower Tebbu country, no. 14854. 
Polypodium lineare Thunb. var. 

Southwestern Kansu: Tao River basin, no. 12140. 
Cyclophorus taeniodes C. Chr. 

Southwestern Kansu: Tao River basin, no. 12085. 
Cyclophorus sticticus (Kze.) C. Chr. 

Southwestern Kansu: Lower Tebbu country, no. 14715. 
Cyclophorus pekinensis C. Chr. 

Southwestern Kansu: Tao River basin, no. 12139. 


LYCOPODIACEAE 
Selaginella spec. 
Southwestern Kansu: Tao River basin, no. 12085 A. 


EQUISETACEAE 
Equisetum arvense L. 
Western Szechuan: no. 12040. 
Equisetum spec. 
Eastern Tibet: Radja and Yellow River gorges, no. 13984. 


JUNCAGINACEAE 


Triglochin maritimum L. 
Southwestern Kansu: Tao River basin, no. 12273. Eastern Tibet: 
Radja and Yellow River gorges, no. 14009; Ba Valley, no. 14246. 


GRAMINEAE 
Determined by A. S. HitcHcock 


Torresia odorata (L.) Hitchc. 
- Eastern Tibet: Radja and Yellow River gorges, no. 14107. 
Stipa conferta Poir. 
Eastern Tibet: Kokonor region, no. 13383. 
Stipa splendens Trin. 
Eastern Tibet: Kokonor region, no. 13393. 
Stipa mongholica Turcz. 
Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14530. 
Aira caespitosa L. 
Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14454, 14456, 14528. 
Trisetum spicatum Richt. 
Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14479, 14488. 
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Trisetum spec. 

Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14457, 14473. 

Beckmannia erucaeformis (L.) Host 

Central Kansu: no. 12680. 

Phragmites communis Trin. 

Eastern Tibet: Kokonor region, no. 13387. 

Koeleria cristata (L.) Pers. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14451. 

Poa attenuata Trin. 

Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14446, 14477, 14480. 

Poa bulbosa L. 

Southwestern Kansu: Tao River basin, no. 13741. 

Poa flexuosa Muhl. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14452. 

Poa sphondylodes Trin. 

Southwestern Kansu: Tao River basin, nos. 12562, 13177. 

Poa aff. P. arctica R. Br. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14453. 

Poa spec. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14472. 

Festuca ovina L. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14778. 

Agropyron longearistatum Boiss. _ 

Southwestern Kansu: Tao River basin, no. 13711. 

Elymus sibiricus L. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14455. 


CYPERACEAE 
Determined by G. KUKENTHAL 


Eriophorum comosum Nees 

Western Szechuan: no. 12023. 

*Kobresia kansuensis Kiikenthal in Notizbl. Bot. Gard. Mus. Ber- 
lin, x. 882 (1930). 

Southwestern Kansu: Tao River basin, no. 13714 (holotype). 

Kobresia Prattii C. B. Clarke 
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Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14663. 

Carex atrata L. var. aterrima (Hoppe) Hartm. 

Southwestern Kansu: Tao River basin, no. 13726. 

Carex atrata L. ssp. pullata (Boott) Kiikenth. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14162. 

Carex atrofusca Schkuhr 

Southwestern Kansu: Tao River basin, no. 12311. 


ARACEAE 


Arisaema consanguineum Schott f. latisectum Engl. 
Southwestern Kansu: Tao River basin, no. 12431. 


JUNCACEAE 


Juncus leucomelas Royle 
Central Kansu: no. 12715. 
Juncus Thomsoni Buchen. 
Eastern Tibet: Ba Valley, no. 14248. 


LILIACEAE 


Hemerocallis Dumortieri Morr. 

Central Kansu: no. 12770. 

Gagea pauciflora Turcz. 

Southwestern Kansu: Tao River basin, no. 12093. 

Allium chrysanthum Regel 

Southwestern Kansu: Tao River basin, nos. 13704, 14622. 

Allium cyaneum Regel 

Western Kansu: nos. 13252, 13253. Southwestern Kansu: Tao 
River basin, no. 13722. 

Allium Henryi C. H. Wright 

Southwestern Kansu: Upper Tebbu country, no. 13048. 

Allium kansuense Regel 

Southwestern Kansu: Tao River basin, no. 13728; Lower Tebbu 
country, nos. 14885, 14887. 

Allium monadelphum Turcz. var. thibeticum Regel 

Southwestern Kansu: Tao River basin, no. 12401. Eastern Tibet: 
alpine region between Radja and Jupar ranges, no. 14389. 

Allium polyrhizum Turcz. 

Eastern Tibet: Ba Valley, no. 14364. 

Allium Przewalskianum Regel 

Southwestern Kansu: Tao River basin, no. 12588. 
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Allium tanguticum Regel 

Southwestern Kansu: Tao River basin, no. 12903. 

Allium victorialis L. 

Southwestern Kansu: Tao River basin, no. 12847. 

Allium spec. 

Southwestern Kansu: Tao River basin, nos. 12616, 12852; Upper 
Tebbu country: no. 13037. Central Kansu: no. 12789. Eastern 
Tibet: grasslands between Labrang and Yellow River, no. 14449; 
alpine region between Radja and Jupar ranges, nos. 14095, 14389. 

Lilium Davidi Duch. : 

Southwestern Kansu: Tao River basin, no. 12592 A. 

Lilium Duchartrei Franch. 

Central Kansu: no. 13618. 

Lilium Duchartrei Franch. var. Farreri Krause 

Southwestern Kansu: Tao River basin, no. 13145; Upper Tebbu 
country, no. 14608. Central Kansu: nos. 12666, 12668. 

Lilium tenuifolium Fisch. 

Southwestern Kansu: Tao River basin, nos. 12589, 12592, 13606. 

Fritillaria cirrhosa Don var. ecirrhosa Franch. 

Southwestern Kansu: Tao River basin, 12197, 12481; Upper Tebbu 
country, no. 13085. 

Fritillaria Roylei Hook. 

Eastern Tibet: Radja and Yellow River gorges, no. 14102; alpine 
region between Radja and Jupar ranges, nos. 14160, 14225. 

Lloydia tibetica Bak. var. lutescens Franch. 

Southwestern Kansu: Tao River basin, no. 12600. 

Lloydia tibetica Bak. var. purpurascens Franch. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14143. 

Asparagus brachyphyllus Turcz. 

Southwestern Kansu: Tao River basin, nos. 12172, 12915. 

Asparagus trichophyllus Bge. 

Southwestern Kansu: Tao River basin, no. 12176. 

Clintonia udensis Trautv. & Mey. 

Southwestern Kansu: Lower Tebbu country, no. 14812. 

Polygonatum bulbosum Lévl. 

Eastern Tibet: Radja and Yellow River gorges, nos. 13987, 14082. 

Polygonatum sibiricum Ledeb. 

Southwestern Kansu: Tao River basin, nos. 12561, 12639. 

Polygonatum spec. 

Southwestern Kansu: Tao River basin, nos. 12241, 12315. Eastern 
Tibet: Radja and Yellow River gorges, no. 14106. 
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Paris polyphylla Sm. 
Southwestern Kansu: Tao River basin, no. 12224. 


DIOSCOREACEAE 


Dioscorea quinqueloba Thunb. 
Southwestern Kansu: Lower Tebbu country, no. 14752. 


IRIDACEAE 

Iris dichotoma Pall. 

Southwestern Kansu: Lower Tebbu country,-no. 14746. 

Iris ensata Thunb. 

Southwestern Kansu: Tao River basin, nos. 12111, 12323; Upper 

_ Tebbu country, no. 13637. 

Tris gracilis Maxim. 

Southwestern Kansu: Tao River basin, no. 12340. Eastern Tibet: 
Radja and Yellow River gorges, nos. 13983, 14078. 

Iris Potanini Maxim. 

Eastern Tibet: Radja and Yellow River gorges, nos. 13945, 13964, 
13975; Jupar Range, no. 14338. 

Iris tenuifolia Pall. 

Southwestern Kansu: Tao River basin, nos. 12100, 12101. Eastern 
Tibet: Radja and Yellow River gorges, no. 13950. 

Tris spec. 

Southwestern Kansu: Tao River basin, nos. 12138, 12851. 


ORCHIDACEAE 
Determined by C. SCHWEINFURTH 


Cypripedium luteum Franch. 

Southwestern Kansu: Upper Tebbu country, no. 12536. 

Cypripedium nutans Schlecht. 

Southwestern Kansu: Upper Tebbu country, no. 12499. 

Cypripedium tibeticum King. 

Southwestern Kansu: Upper Tebbu country, no. 12521. Eastern 
Tibet: Radja and Yellow River gorges, nos. £3989, 14165. 

Aceratorchis tschiliensis Schlechter 

Eastern Tibet: Radja and Yellow River gorges, no. 14190. 

Orchis chusua D. Don. 

Central Kansu: no. 12735. Southwestern Kansu: Tao River basin, 
no. 12833; Upper Tebbu country, no. 13115. 

Orchis salina Turcz. 

Eastern Tibet: Radja and Yellow River gorges, no. 13978; Ba 
Valley, nos. 14251, 14356. 

Orchis spathulata Reichb. 
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Central Kansu: no. 12713. 
Amitostigma monanthum (Finet) Schlechter 
Southwestern Kansu: Tao River basin, no. 12622. 
Herminium tanguticum Rolfe 
Central Kansu: no. 12736. 
Habenaria conopsea Benth. 
Southwestern Kansu: Tao River basin, no. 12944; Upper Tebbu 
country, no. 13120. 
Habenaria cucullata (L.) Hoefft 
Southwestern Kansu: Lower Tebbu country, no. 14700. 
Habenaria spiranthiformis Ames & Schlechter 
Eastern Tibet: Radja and Yellow River gorges, no. 14210. 
*Amnesia longibracteata Schweinfurth in Jour. Arnold Arb. x. 172 
(1929). 
Central Kansu: no. 13216 (holotype). 
*Oreorchis Rockii Schweinfurth in Jour. Arnold Arb. x. 173 (1929). 
Central Kansu: no. 12744 (holotype). 


MORACEAE 
Humulus lupulus L. 
Southwestern Kansu: Tao River basin, nos. 13207, 13716; Lower 
Tebbu country, no. 14753. 


URTICACEAE 
Urtica dioica L. 
Eastern Tibet: Radja and Yellow River gorges, no. 14024. 


POLYGONACEAE 


Rheum acuminatum Hook. f. & Thoms. 

Central Kansu: no. 12673. 

Rheum palmatum L. 

Eastern Tibet: Radja and Yellow River gorges, nos. 14071, 14167; 
Jupar Range, no. 14313. 

Rheum palmatum L. floribus rubris 

Southwestern Kansu: Tao River basin, no. 12844. Eastern Tibet: 
Radja and Yellow River gorges, no. 13982. 

Rheum pumilum Maxim. 

Southwestern Kansu: Tao River basin, no. 12409b. Eastern Tibet: 
Radja and Yellow River gorges, nos. 14038, 14173. 

Rheum spiciforme Royle 

Eastern Tibet: Jupar Range, no. 14330. 

Polygonum Hookeri Meisn. 

Southwestern Kansu: Tao River basin, nos. 12409a, 12604. East- 


aie 
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ern Tibet: alpine region between Radja and Jupar ranges, nos. 
14221, 14376. 

Polygonum sphaerostachyum Meisn. var. 

Eastern Tibet: Jupar Range, no. 14335. 


CHENOPODIACEAE 


Eurotia ceratoides C. A. Mey. 
Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14545. 


CARYOPHYLLACEAE 


Arenaria kansuensis Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13043. Eastern 
Tibet: alpine region between Radja and Jupar ranges, nos. 14149, 
14222. 

Arenaria melanandra (Maxim.) Mattfeld apud Handel-Mazzetti, 
Symb. Sin. vir. 202 (1929). 

Eastern Tibet: alpine region between Radja and Jupar ranges, nos. 
14157, 14379. 

Arenaria Przewalskii Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13082. Eastern 
Tibet: Amnyi Machen range, no. 14431; grasslands between La- 
brang and Yellow River, no. 14508. 

Arenaria spec. . 

Southwestern Kansu: Upper Tebbu country, no. 13083. 

Silene Fortunei Vis. 

Southwestern Kansu: Lower Tebbu country, no. 14745. 

Silene repens Patrin 

Southwestern Kansu: Tao River basin, no. 12865. 

Silene tenuis Willd. 


Eastern Tibet: Radja and Yellow River gorges, no. 14209. 


Melandryum apetalum (L.) Fenzl 

Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14476, 14500. 

Melandryum apetalum (L.) Fenzl forma a 

Central Kansu: no. 12737. 

Melandryum glandulosum F. N. Williams 

Eastern Tibet: Radja and Yellow River gorges, no. 14121. 

Gypsophila Gmelini Bge. 

Central Kansu: no. 13236. 

Dianthus chinensis L. 

Southwestern Kansu: Tao River basin, nos. 13209, 14650. Central 
Kansu: no. 12752. 
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Dianthus superbus L. 

Central Kansu: no. 12686. Southwestern Kansu: Tao River basin, 
nos. 12892, 13155. Eastern Tibet: grasslands between Labrang 
and Yellow River, no. 14540. 


RANUNCULACEAE 

Paeonia anomala L. 

Southwestern Kansu: Tao River basin, nos. 12260, 12276, 12456, 
13593. 

Paeonia Veitchii Lynch 

Southwestern Kansu: Tao River basin, nos. 12235, 13127. 

Caltha palustris L. 

Southwestern Kansu: Tao River basin, no. 12229. 

*Caltha scaposa Hook. f. & Thoms. var. Smithii Ulbrich in Notizbl. 
Bot. Gard. Mus. Berlin, x. 864 (1929). 

Southwestern Kansu: Tao River basin, no. 12317 (syntype). 

Trollius pumilus D. Don 

Southwestern Kansu: Tao River basin, nos. 12354, 12606, 14623; 
Upper Tebbu country, no. 13002. Central Kansu: no. 12697. 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14220. 

*Trollius pumilus D. Don var. alpinus Ulbrich in Notizbl. Bot. 
Gard. Mus. Berlin, x. 865 (1929). 

Eastern Tibet: Radja and Yellow River gorges, nos. 13976, 13988, 
14050 (syntypes). 

Helleborus thibetanus Franch. 

Southern Kansu: no. 12059. 

Paraquilegia anemonoides (Willd.) Ulbr. 

Southwestern Kansu: Tao River basin, nos. 12393, 12629, 12812; 
Upper Tebbu country, nos. 12494, 12514. Eastern Tibet: Radja 
and Yellow River gorges, nos. 13973, 14067, 14068, 14069. 

*Urophysa Rockii Ullbrich, n. gen. & sp., in Notizbl. Bot. Gard. 
‘Mus. Berlin, x. 869 (1929). 

Western Szechuan: no. 12015 (holotype). 

Souliea vaginata (Maxim.) Franch. 

Southwestern Kansu: Tao River basin, nos. 12304, 12412. 

Actaea spicata L. var. erythrocarpa Ledeb. 

Southwestern Kansu: Lower Tebbu country, no. 14849. 

Aquilegia ecalcarata Maxim. 

Southwestern Kansu: Tao River basin, nos. 12206, 12439, 12945. 

Aquilegia oxysepala Trautv. & Mey. 

Southwestern Kansu: Tao River basin, no. 12887. 

Delphinium albocoeruleum Maxim. 
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Southwestern Kansu: Tao River basin, no. 13194. Eastern Tibet: 
grasslands between Labrang and Yellow River, nos. 14459, 14467, 
14501, 14542, 14543. 

Delphinium coelestinum Franch. 

Southwestern Kansu: Tao River basin, no. 14625. 

Delphinium densiflorum Duthie 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14493, 

Delphinium Forrestii Diels 

Southwestern Kansu: Tao River basin, no. 13740. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14535.. 

Delphinium grandiflorum L. 

Southwestern Kansu: Tao River basin, no. 13178; Upper Tebbu 
country, no. 14594. 

Delphinium Henryi Franch. 

Southwestern Kansu: Tao River basin, nos. 13154, 13193. Eastern 
Tibet: grasslands between Labrang and Yellow River, no. 14547. 

*Delphinium labrangense Ulbrich, spec. nov. ined. 

Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14482, 14483, 14504, 14513. 

Delphinium Maximowiczii Franch. 

Southwestern Kansu: Upper Tebbu country, nos. 13086, 13093, 
14644. 

Delphinium Pylzowi Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13024; Tao River 
basin, no. 13185. 

Delphinium Souliei Franch. 

Southwestern Kansu: Upper Tebbu country, no. 13092. Eastern 
Tibet: Kokonor region, no. 13398; grasslands between Labrang 
and Yellow River, nos. 14460, 14502, 14518, 14523. 

Delphinium sparsiflorum Maxim. 

Southwestern Kansu: Tao River basin, no. 13191. 

Delphinium tanguticum Huth 

Southwestern Kansu: Upper Tebbu country, nos:-13023 (in part), 
13041, 13088; Tao River basin, no. 14641. 

Delphinium tatsienense Franch. 

Eastern Tibet: Kokonor region, no. 13361; grasslands between La- 
brang and Yellow River, no. 14538. Southwestern Kansu: Tao 
River basin, nos. 13136, 13730. 

Delphinium tongolense Franch. 

Southwestern Kansu: Tao River basin, no. 13161; Upper Tebbu 
country, nos. 13109, 13111. 


pe, 
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Aconitum Anthora L. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14494. Southwestern Kansu: Lower Tebbu country, no. 14677. 

Aconitum Anthora L. var. anthoroideum (Rehb.) Regel 

Southwestern Kansu: Tao River basin, nos. 13182, 13710, 13722, 
13735, 14620; Upper Tebbu country, no. 13000. Eastern Tibet: 
Kokonor region, no. 13363. 

Aconitum gymnandrum Maxim. 

Southwestern Kansu: Tao River basin, nos. 12183, 12242, 12285, 
P2351. 12872: 

Aconitum laeve Royle 

Central Kansu: no. 12739. Southwestern Kansu: Upper Tebbu 
country, no. 13079; Tao River basin, 13162. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14541. 

Aconitum Napellus L. var. semigaleatum Pall. 

Southwestern Kansu: Tao River basin, no. 13721. 

Aconitum rotundifolium K. & K. var. tanguticum Maxim. 

Southwestern Kansu: Tao River basin, nos. 14621, 14643; Upper 
Tebbu country, nos. 13023 (in part), 13039, 13050. Central Kan- 
su: no. 12694. Eastern Tibet: grasslands between Labrang and 
Yellow River, no. 14515; Amnyi Machen range, no. 14440. 

Aconitum volubile Pall. 

Southwestern Kansu: Tao River basin, nos. 13205, 13743; Lower 
Tebbu country, no. 14692. 

Aconitum volubile Pall. var. flexuosum (Rchb.) Rap. 

Southwestern Kansu: Tao River basin, nos. 14615, 14860. 

Aconitum volubile Pall. var. 

Southwestern Kansu: Tao River basin, no. 14649. 

Anemone demissa Hook. f. & Thoms. 

Southwestern Kansu: Tao River basin, nos. 12596, 12838. 

Anemone imbricata Maxim. 

Eastern Tibet: Radja and Yellow River gorges, nos. 14049, 14146; 
alpine region between Radja and Jupar ranges, no. 14231; Jupar 
Range, no. 14371; Amnyi Machen range, no. 14421. 

Anemone japonica (Thunb.) S. & Z. var. tomentosa Maxim: 

Central Kansu: no. 12766. 

Anemone narcissiflora L. 

Southwestern Kansu: Upper Tebbu country, no. 13625. 

Anemone rivularis Buch.-Ham. 

Southwestern Kansu: Tao River basin, no. 12357, Eastern Tibet: 
Radja and Yellow River gorges, no. 14128. 

*Anemone Rockii Ulbrich i in Notizbl. Bot. Gard. Mus. Berlin, x. 877 
(1929). 
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Southwestern Kansu: Tao River basin, nos. 12408a, 12487 (syn- 
types); Upper Tebbu country, nos. 12520, 13061, 13626 (syn- 
types). 

Anemone rupestris Wall. 

Southwestern Kansu: Tao River basin, no. 12254. Eastern Tibet: 
Radja and Yellow River gorges, nos. 13992, 14017, 14103, 14105, 
14196. 

Anemone vitifolia Buch.-Ham. var. tomentosa Maxim. 

Southwestern Kansu: Tao River basin, no. 13213; Upper Tebbu 
country, no. 14609. 

Pulsatilla ambigua Turcz. 

Southwestern Kansu: Tao River basin, no. 12182. 

Pulsatilla spec. 

Eastern Tibet: Radja and Yellow River gorges, no. 14048. 

Oxygraphis glacialis Bge. 

Southwestern Kansu: Tao River basin, no. 12390. Eastern Tibet: 
alpine region between Radja and Jupar ranges, no. 14099. 

Ranunculus acris L. 

Southwestern Kansu: Tao River basin, no. 12566. 

Ranunculus affinis R. Br. 

Southwestern Kansu: Tao River basin, no. 12280. Eastern Tibet: 
alpine region between Radja and Jupar ranges, no. 14405. 

Ranunculus affinis R. Br. var. flabellatus Franch. 

Southwestern Kansu: Tao River basin, no. 12460. 

Ranunculus affinis R. Br. var. tangutica Maxim. 

Southwestern Kansu: Tao River basin, no. 12446. 

Ranunculus Flammula L. 

Southwestern Kansu: Tao River basin, no. 12282. 

Ranunculus japonicus Thunb. 

Southwestern Kansu: Tao River basin, no. 12908. 

Ranunculus pulchellus C. A. Mey. 

Southwestern Kansu: Tao River basin, no. 12281. Eastern Tibet: 
Radja and Yellow River gorges, no. 13991. 

Ranunculus pulchellus C. A. Mey. var. sericeus Hook. f. & Thoms. 

Eastern Tibet: Radja and Yellow River gorges, no. 14197. 

Ranunculus yunnanensis Franch. 

Southwestern Kansu: Tao River basin, no. 12342. 

Thalictrum alpinum L. 

Southwestern Kansu: Tao River basin, no. 12248. 

Thalictrum baicalense Turcz. 

Southwestern Kansu: Tao River basin, no. 12862. 

Thalictrum javanicum Bl. 
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Southwestern Kansu: Tao River basin, no. 12835. Eastern Tibet: 
Ba Valley, no. 14271. 

Thalictrum Przewalskii Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13054. 


BERBERIDACEAE 


Podophyllum emodi Wall. 

Southwestern Kansu: Tao River basin, nos. 12259, 12350, 12424, 
14901. 

Epimedium brevicornu Maxim. 

Western Szechuan: no. 12016. 

Epimedium pubescens Maxim. 

Southwestern Kansu: Tao River basin, no. 12302. 

Leontice robusta B. Fedtsch. 

Southwestern Kansu: Lower Tebbu country, no. 14716. 


PAPAVERACEAE 


Hypecoum erectum L. var. lactiflorum (Kar. & Kir.) Maxim. 

Southwestern Kansu: Tao River basin, no. 12272. 

Dicranostigma spec. 

Southwestern Kansu: Tao River basin, no. 13144. 

Macleaya microcarpa (Maxim.) Fedde 

Southwestern Kansu: Lower Tebbu country, nos. 14655, 14690. 

Bocconia spec. 

Southwestern Kansu: Lower Tebbu country, no. 15095. 

Meconopsis integrifolia Franch. 

Southwestern Kansu: Tao River basin, nos. 12416, 13651; Upper 
Tebbu country, no. 13073. Eastern Tibet: Radja and Yellow 
River gorges, nos. 13996, 14086. 

Meconopsis psilonomma Farrer 

Southwestern Kansu: Tao River basin, no. 12613; Upper Tebbu 
country, no. 13632. 

Meconopsis punicea Maxim. 

Southwestern Kansu: Tao River basin, nos. 12195, 12423, 12840, 
12942; Upper Tebbu country, nos. 13053, 13642. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14506. 

Meconopsis quintuplinervia Regel 

Southwestern Kansu: Tao River basin, nos. 12360, 12608, 12611, 
13620; Upper Tebbu country, no. 13046. Central Kansu: 12700, 
12742. Eastern Tibet: grasslands between Labrang and Yellow 
River, no. 14462; alpine region between Radja and Jupar ranges, 
nos. 14144, 14224; Jupar Range, no. 14309. 
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Meconopsis racemosa’ Maxim. 

Southwestern Kansu: Tao River basin, nos. 12621, 12625, 13160; 
Upper Tebbu country, nos. 12537, 13009, 13627.. Eastern Tibet: 
alpine region between Radja and Jupar ranges, no. 14377; Jupar 
Range, no. 14339; Amnyi Machen range, no. 14434. 

Meconopsis spec. 

Southwestern Kansu: Upper Tebbu country, no. 13077. Eastern 
Tibet: Amnyi Machen range, no. 14430. 

Corydalis adunca Maxim. 

Eastern Tibet: Radja and Yellow River gorges, no. 14046. 

Corydalis curviflora Maxim. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14092. 

Corydalis curviflora Maxim. var. cytisiflora Fedde 

Southwestern Kansu: Upper Tebbu country, no. 12503. 

Corydalis curviflora Maxim. var. pseudo-Smithii Fedde 

Southwestern Kansu: Tao River basin, no. 12576. 

Corydalis curviflora Maxim. var. Smithii Fedde 

Southwestern Kansu: Tao River basin, no. 12414. 

Corydalis dasyptera Maxim. 

Southwestern Kansu: Tao River basin, nos. 12387, 12602; Upper 
Tebbu country, no. 13007. Eastern Tibet: Radja and Yellow 
River gorges, no. 14189; alpine region between Radja and Jupar 
ranges, no. 14237; Jupar Range, nos. 14311, 14312, 14336. 

Corydalis glycyphyllos Fedde 

Eastern Tibet: alpine region between Radja and Jupar ranges, nos. 
14374, 14375. 

Corydalis linarioides Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13018. 

Corydalis melanochlora Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13021. Eastern 
Tibet: Jupar Range, no. 14329. 

Corydalis Rheinbabeniana Fedde 

Southwestern Kansu: Upper Tebbu country, no...13003. Eastern 
Tibet: Amnyi Machen range, no. 14419. 

Corydalis scaberula Maxim. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14226. 

Corydalis straminea Maxim. 

Southwestern Kansu: Tao River basin, nos. 12178, 12462, 13138. 

Corydalis stricta Steph. 

Eastern Tibet: Radja and Yellow River gorges, nos. 14019, 14114, 
14184. 


| 
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Corydalis trachycarpa Maxim. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14155. 

Corydalis spec. 

Eastern Tibet: Radja and Yellow River gorges, no. 14047. 


CRUCIFERAE 


Megacarpaea Delavayi Franch. 
Southwestern Kansu: Upper Tebbu country, no. 13087. 
*Megacarpaea Delavayi Franchet var. grandiflora O. E. Schulz in 
Notizbl. Bot. Gard. Mus. Berlin, x. 557 (1929). 
Southwestern Kansu: Tao River basin, no. 12597 (holotype). 
Dilophia fontana Maxim. 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14398. 
Dilophia macrosperma O. E. Schulz 
Eastern Tibet: Amnyi Machen range, no. 14414. 
Cochlearia scapiflora Hook. f. & Thoms. 
Eastern Tibet: alpine region between Radja and Jupar ranges, nos. 
14236, 14396. 
Eutrema compactum O. E. Schulz 
Eastern Tibet: Jupar Range, no. 14340. 
Eruca sativa Lam. var. lativalvis (Boiss.) Coss. 
Southwestern Kansu: Tao River basin, no. 12179. 
Brassica juncea (L.) Coss. 
Eastern Tibet: Radja and Yellow River gorges, no. 14180. 
Cardamine macrophylla Willd. 
Eastern Tibet: Radja and Yellow River gorges, nos. 14025, 14066. 
Cardamine macrophylla Willd. ssp. polyphylla (Don) O. E. 
Schulz in Notizbl. Bot. Gard. Mus. Berlin, rx. 1071 (1927). 
Southwestern Kansu: Upper Tebbu country, no. 12508. 
Cardamine tangutorum O. E. Schulz 
Southwestern Kansu: Tao River basin, no. 12318. 
*Draba lanceolata Royle var. latifolia O. E. Schulz in Notizbl. Bot. 
Gard. Mus. Berlin, x. 555 (1929). 
Eastern Tibet: Radja and Yellow River gorges, no. 14134 (holo- 
type). 
Draba lanceolata Royle var. leiocarpa O. E. Schulz in Notizbl 
Bot. Gard. Mus. Berlin, rx. 1077 (1929). 
Southwestern Kansu: Upper Tebbu country, no. 12491. Eastern 
_ Tibet: alpine region between Radja and Jupar ranges, no. 14223; 
Radja and Yellow River gorges, no. 14130. 
Draba lichiangensis W. W. Sm. 
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Eastern Tibet: Jupar Range, no. 14369. 
Draba oreades Schrenk proles chinensis O. E. Schulz in Engler, 
Pflanzenr. 1v.-105 (Heft 89) 109 (1927). 
Southwestern Kansu: Tao River basin, no. 12388. 
Draba oreades Schrenk var. commutata (Reg.) O. E. Schulz in 
Engler, Pflanzenr. 1v.-105 (Heft 89) 109 (1927). 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14228. 
Draba oreades Schrenk var. racemosa O. E. Schulz in Engler, 
Pflanzenr. 1v.-105 (Heft 89) 109 (1927). 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14091, . 
Draba oreades Schrenk var. Tafelii O. E. Schulz in Engler, Pflanz- 
enr. Iv.-105 (Heft 89) 108 (1927). 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14142. 
*Draba Rockii O. E. Schulz in Notizbl. Bot. Gard. Mus. Berlin, x. 
555 (1929). 
Southwestern Kansu: Tao River basin, no. 12405 (holotype). 
Arabis alaschanica Maxim. 
Southwestern Kansu: Upper Tebbu country, nos. 12490, 12515. 
Cheiranthus roseus Maxim. 
Eastern Tibet: Jupar Range, no. 14409. 
*Cheiranthus roseus Maxim. f. caespitosus O. E. Schulz, msc. 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14096. 
*Cheiranthus roseus Maxim. f. elatior O. E. Schulz, msc. 
Eastern Tibet: Jupar Range, no. 14345. 
Malcolmia africana (L.) R. Br. 
Eastern Tibet: Radja and Yellow River gorges, no. 14133. 
Torularia humilis (C. A. Mey.) O. E. Schulz 
Southwestern Kansu: Tao River basin, no. 12243. Eastern Tibet: 
Radja and Yellow River gorges, no. 14131. 
Torularia humilis (C. A. Mey.) O. E. Schulz prol. Piasezkii 
(Maxim.) O. E. Schulz 
Southwestern Kansu: Tao River basin, no. 12269. 
Torularia humilis f. grandiflora O. E. Schulz 
Southwestern Kansu: Tao River basin, no. 12171. 
Dontostemon glandulosus (Kar. & Kir.) O. E. Schulz in Notizbl. 
Bot. Gard. Mus. Berlin, x. 554 (1929). 
Arabis glandulosa Kar. & Kir. 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14399. 
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Parrya villosa Maxim. . 
Eastern Tibet: Radja and Yellow River gorges, nos. 14051, 14088. 
*Parrya villosa Maxim. var. albiflora O. E. Schulz in Notizbl. Bot. 
Gard. Mus. Berlin, x. 557 (1929). 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14392 (holotype). 


; CRASSULACEAE 
Sedum Aizoon L. 
Southwestern Kansu: Tao River basin, no. 12914. 
Sedum Aizoon L. var. scabrum Maxim. 
Southwestern Kansu: Tao River basin, no. 12355. 
Sedum algidum Ledeb. 
Southwestern Kansu: Tao River basin, no. 14153. 
Sedum algidum Ledeb. var. tanguticum Maxim. 
Eastern Tibet: Jupar Range, nos. 14346, 14365. 
Sedum Henryi Diels forma gracilis (¢ ) 
Southwestern Kansu: Tao River basin, no. 12839. 
Sedum Kirilowi Regel 
Eastern Tibet: Radja and Yellow River gorges, no. 14174. 
*Sedum progressum Diels in Notizbl. Bot. Gard. Mus. Berlin, x. 
887 (1930). 
Southwestern Kansu: Tao River basin, no. 12849 (holotype). 
Sedum Purdomii W. W. Sm. 
Central Kansu: no. 12705. 
Sedum quadrifidum Pall. 
Eastern Tibet: Radja and Yellow River gorges, no. 13981. 
Sedum venustum Praeger 
Southwestern Kansu: Upper Tebbu country, no. 12516. Eastern 
Tibet: Radja and Yellow River gorges, no. 14042. 
Sedum spec. 
Western Kansu: no. 13259. 


SAXIFRAGACEAE 


Saxifraga confertifolia Engl. & Irmsch. 

Southwestern Kansu: Upper Tebbu country, no. 13027. 

Saxifraga diversifolia Wall. var. Soulieana Engl. & Irmsch. 

Eastern Tibet: Kokonor region, no. 13356. Southwestern Kansu: 
Upper Tebbu country, no. 14585. 

Saxifraga diversifolia Wall. var. 

_ Southwestern Kansu: Tao River basin, no. 14642. 

Saxifraga flagrans H. Smith var. platyphylla H. Smith. 

Southwestern Kansu: Tao River basin, nos. 12196, 12817. 
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Saxifraga Giraldiana Engl. 
Southwestern Kansu: Upper Tebbu country, no. 13051. 
*Saxifraga kansuensis Mattfeld in Notizbl. Bot. Gard. Mus. Berlin, 
x. 887 (1930). 
Southwestern Kansu: Tao River basin, no. 12624 (syntype); Upper 
Tebbu country, no. 12525 (syntype). 
Saxifraga lumpuensis Engl. 
Central Kansu: no..12743. Southwestern Kansu: Tao River basin, 
no. 12832. 
Saxifraga melanocentra Franch. f. Franchetiana Engl. & Irmsch. 
Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14158. 
Saxifraga melanocentra Franch. var. pluriflora Engl. & Irmsch. 
Eastern Tibet: Amnyi Machen range, no. 14441. 
Saxifraga melanocentra Franch. var. 
Southwestern Kansu: Upper Tebbu country, no. 13042. 
Saxifraga montana H. Smith var. splendens H. Smith 
Southwestern Kansu: Tao River basin, no. 14613. 
Saxifraga Przewalskii Engl. 
Southwestern Kansu: Upper Tebbu country, no. 13017. Eastern 
Tibet: alpine region between Radja and Jupar ranges, no. 14232; 
Jupar Range, no. 14327. 
Saxifraga pseudo-hirculus Engl. — 
Southwestern Kansu: Upper Tebbu country, -no. 13089. Eastern 
Tibet: grasslands between Labrang and Yellow River, no. 14527. 
Saxifraga tangutica Engl. 
Southwestern Kansu: Upper Tebbu country, no. 12510. Eastern 
Tibet: Radja and Yellow River gorges, no. 14169. 
Saxifraga unguiculata Engl. 
Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14514. 
Tiarella polyphylla D. Don 
Central Kansu: no. 12679. 
Chrysosplenium nudicaule Bge. Nr 
Eastern Tibet: Jupar Range, no. 14334. 
Chrysosplenium sphaerospermum Maxim. 
Southwestern Kansu: Tao River basin, no. 12097. 
Parnassia Delavayi Franch. 
Central Kansu: no. 12790. 
Parnassia setchuenensis Franch. 
Southwestern Kansu: Tao River basin, no. 13157; Upper Tebbu 
country, no. 14589. 


: 
; 


JOURNAL OF THE ARNOLD ARBORETUM [voL. xiv 


ROSACEAE 


Aruncus sylvester Kostel. : 

Southwestern Kansu: Tao River basin, no: 12815. 

Fragaria elatior Ehrb. 

Eastern Tibet: Radja and Yellow River gorges, no. 14036. 

Potentilla Anserina L. 

Southwestern Kansu: Tao River basin, no. 12180. Eastern Tibet: 
Radja and Yellow River gorges, no. 14022; grasslands between 
Labrang and Yellow River, no. 14532. 

Potentilla biflora Willd. 

Southwestern Kansu: Upper Tebbu country, no. 13006. 

Potentilla bifurca L. 

Southwestern Kansu: Tao River basin, no..12223. Eastern Tibet: 
Kokonor region, no. 13351. 

Potentilla multicaulis Bge. 

Eastern Tibet: Radja and Yellow River gorges, no. 14176. 

Potentilla Potaninii Th. Wolf. 

Southwestern Kansu: Tao River basin, no. 12859. 

Potentilla Salesoviana Steph. 

Northwestern Kansu: no. 13321. Eastern Tibet: Ba Valley, no. 
14280. 

Potentilla Saundersiana Royle 

Eastern Tibet: alpine region between Radja and Jupar ranges, nos. 
14150, 14378, 14391. 

Potentilla sericea L. 

Southwestern Kansu: Tao River basin, no. 12857. 

Potentilla spec. 

Southwestern Kansu: Tao River basin, no. 12911. Eastern Tibet: 
Radja and Yellow River gorges, no. 14175; grasslands between 

_Labrang and Yellow River, no. 14486. 

Coluria longifolia Maxim. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14141. 

Sanguisorba canadensis L. 

Central Kansu: no. 12777. Southwestern Kansu: Tao River basin, 
no. 13204. 

Sanguisorba officinalis L. 

Central Kansu: no. 12778. 


LEGUMINOSAE 


Sophora alopecuroides L. 
Northwestern Kansu: -no. 13317. 
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Thermopsis alpina Ledeb. 

Southwestern Kansu: Tao River basin, no. 12155. Eastern Tibet: 
Radja and Yellow River gorges, no. 14055. 

Thermopsis lanceolata R. Br. 

Southwestern Kansu: Tao River basin, no. 12338. Eastern Tibet: 
Radja and Yellow River gorges, no. 13919. 

Medicago ruthenica Trautv. 

Southwestern Kansu:.Tao River basin, no. 12924. 

Gueldenstaedtia diversifolia Maxim. 

Eastern Tibet: Radja and Yellow River gorges, no. 14123. 

Astragalus melilotoides Pall. 

Southwestern Kansu: Tao River basin, nos. 12896, 12901. 

Astragalus monadelphus Bge. 

Southwestern Kansu: Tao River basin, no. 12958. 

Astragalus skythropus Bge. 

Eastern Tibet: alpine region between Radja and Jupar ranges, nos. 
14151, 14394; Jupar Range, no. 14315. 

Astragalus tanguticus Batal. 

Eastern Tibet: Radja and Yellow River gorges, no. 14182; Ba 
Valley, no. 14269. 

Astragalus spec. aff. A. subumbellatus Klotzsch 

Eastern Tibet: Radja and Yellow River gorges, no. 14004; Ba Valley, 
no. 14253. 

Astragalus spec. 

Southwestern Kansu: Tao River basin, nos. 12084, 12092, 12098, 
12220, 12221, 12284, 12327, 12447, 12628, 12802, 12925, 12926, 
12953, 13146; Upper Tebbu country, no. 13045. Central Kansu: 
nos. 12704, 12718. Western Kansu: no. 13254. Eastern Tibet: 
Kokonor region, nos. 13375, 13382; grasslands between Labrang 
and Yellow River, no. 14490; alpine region between Radja and 
Jupar ranges, nos. 14148, 14163, 14233, 14243, 14381; Ba Valley, 
nos. 14249, 14250, 14254, 14256, 14257, 14258, 14286, 14361; 
Jupar Range, nos. 14343, 14370. 

Oxytropis spec. 

Southwestern Kansu: Upper Tebbu country, no. 13065. 

Hedysarum esculentum Ledeb. 

Southwestern Kansu: Tao River basin, no. 13142; Upper Tebbu 
country, no. 14607. 

Hedysarum obscurum L. 

Eastern Tibet: Radja and Yellow River gorges, no. 14171; alpine 
region between Radja and Jupar ranges, no. 14382. 

Hedysarum pseudastragalus Ulbrich 
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Eastern Tibet: Amnyi Machen range, no. 14423. 

Hedysarum spec. 

Southwestern Kansu: Tao River basin, no. 12623; Upper Tebbu 
country, nos. 13010, 13063. Central Kansu: no. 12675. Eastern 
Tibet: Jupar Range, no. 14347. 

Vicia amoena Ledeb. var. elliptica Freyn 

Southwestern Kansu: Tao River basin, no. 12922. 

Vicia cracca L. 

Southwestern Kansu: Tao River basin, no. 12959. 

Vicia unijuga A. Br. 

Southwestern Kansu: Tao River basin, no. 12583. 

Vicia unijuga A. Br. var. 

Southwestern Kansu: Upper Tebbu country, no. 13064. 

Lathyrus pratensis L. 

Southwestern Kansu: Tao River basta no. 12585. 


GERANIACEAE 
Geranium eriostemon Fisch. 
Southwestern Kansu: Tao River basin, nos. 12225, 12575, 12920. 
Geranium Pylzowianum Maxim. 
Southwestern Kansu: Tao River basin, nos. 12450, 12582, 12825, 
12918. Eastern Tibet: Radja and Yellow River gorges, no. 14212. 
Geranium spec. aff. G. pratense L. 
Southwestern Kansu: Tao River basin, no. 12855. Eastern Tibet: 
Radja and Yellow River gorges, no. 14216; Ba Valley, no. 14360. 
Erodium Stephanianum Willd. 
Eastern Tibet: Radja and Yellow River gorges, no. 14205. 
Biebersteinia heterostemon Maxim. 
Southwestern Kansu: Tao River basin, no. 12904. 


oy LINACEAE 
Linum nutans Maxim. 
Southwestern Kansu: Tao River basin, no. 12170. 


ZYGOPHYLLACEAE 
Peganum Harmala L. 
Central Kansu: no. 13229. Eastern Tibet: Jupar Range, no. 14317. 
Zygophyllum mucronatum Maxim. 
Central Kansu: no. 13241. 
Tribulus terrestris L. 
Northwestern Kansu: no. 13397. 


POLYGALACEAE 
Polygala sibirica L. 
Eastern Tibet: Radja and Yellow River gorges, no. 14204. 
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EUPHORBIACEAE 
Euphorbia spec. 
Eastern Tibet: Radja and Yellow River gorges, no. 13941. 


GUTTIFERAE 


Hypericum Przewalskii Maxim. 

Southwestern Kansu: Tao River basin, no. 12875, 12909. Eastern 
Tibet: Radja and Yellow River gorges, no. 14213. 

Hypericum spec. 

Central Kansu: no. 12772. 


TAMARICACEAE 


Hololachne songarica Ehrenb. 
Central Kansu: no. 13235. 


VIOLACEAE 
Viola biflora L. 
Southwestern Kansu: Upper Tebbu country, no. 12493. Eastern 
Tibet: Radja and Yellow River gorges, nos. 14015, 14084. 
Viola bulbosa Maxim. 
Eastern Tibet: Radja and Yellow River gorges, no. 14029. 
Viola mongolica Franch. var. flor. carneis 
Eastern Tibet: Radja and Yellow River gorges, no. 13966. 


THY MELAEACEAE 
Stellera Chamaejasme L. 
Southwestern Kansu: Tao River basin, nos. 12238, 12286. Eastern 
Tibet: Radja and Yellow River gorges, no. 14020. 
Stellera Chamaejasme L. fl. albo 
Eastern Tibet: Radja and Yellow River gorges, no. 14199. 


OENOTHERACEAE 
Epilobium angustifolium L. 
Central Kansu: no. 12755. Southwestern Kansu: .Tao River basin, 
no. 12954. 
: UMBELLIFERAE 

, Determined by C. NorMAN 

. Bupleurum longeradiatum Turcz. 

; Central Kansu: no. 12769. 
Bupleurum spec.* 
Eastern Tibet: Radja and Yellow River gorges, no. 14211.. 


| 1Perhaps this specimen represents B. microcephalum Diels. However, the speci- 
men at hand is without true leaves, hence it cannot be determined with certainty. 
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Pleurospermum Candollii C. B. Clarke* 

Central Kansu: no. 12703. 

Pleurospermum cnidiifolium Wolff in Act. Hort. Gothob. 1m. 292 

(1926). 
Eastern Tibet: Kokonor region, no. 13359. 
*Pleurospermum Dielsianum Fedde & Wolff in Fedde, Rep. Spec. 
Nov. xxvir. 121 (1929). 
Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14466 (syntype). 
Pleurospermum Franchetianum Hemsley in Hooker, Icon. xxmt. 
2244 (1894). 
*Pleurospermum Rockit Fedde & Wolff in Fedde, Rep. Spec. Nov. 
xxvir. 120 (1929).—Synon. nov. 
*Pleurospermum Pilgerianum Fedde & Wolff in Fedde, Rep. Spec. Nov. 
xxvil. 121 (1929).—Synon. nov. 

Southwestern Kansu: Tao River basin, no. 12227 (holotype of P. 
Rockii Fedde & Wolff), no. 12614 (holotype of P. Pilgerianum 
Fedde & Wolff). 

Pleurospermum linearilobum W. W. Smith in Notes Bot. Gard. 

Edinb. vit. 342 (1915).? | 
*Pleurospermum Dielsianum Fedde & Wolff in Fedde, Rep. Spec. Nov. 
xxvil. 121 (1929), as to no. 14178. 
Eastern Tibet: Radja and Yellow River gorges, no. 14178 (syntype 
of P. Dielsianum Fedde & Wolff). 
*Pleurospermum pseudo-involucratum Wolff in Fedde, Rep. Spec. 
Nov. xxvit. 119 (1929).8 
Southwestern Kansu: Upper Tebbu country, no. 12496 (holotype). 
Pleurospermum thalictrifolium Wolff in Act. Hort. Gothob. nm. 
297 (1926). eo 
Eastern Tibet: Jupar Range, no. 14372; Amnyi Machen range, no. 
- 14432. 

Pleurospermum spec. aff. P. Candollii C. B. Clarke 

Eastern Tibet: Jupar Range, no. 14307 (incomplete material). 

Carum carvi L. 

*This determination is given with some hesitation as the specimen for study is 
very young. However, it agrees in all essentials with the other material examined. 
The involucels are shorter than those of the Indian specimens, which may be due 
to the immature condition of the specimens. It is a widely dispersed species hav- 
ing been recorded from Kashmir, Kumaon, Tian shan and Nepal. It is doubtful 
if it has been recorded before as far east as Kansu. 

*The specimen no. 14178 is cited in the original description of P. Dielsianum 
Fedde & Wolff as identical with no. 14466. No. 14466 is rather fragmentary and 
is referred here to P. Dielsianum; it does not seem to be the same plant as nc. 
14178, which is undoubtedly P. linearilobum W. W. Sm. 

*Wolff was in doubt whether this specimen should be described under Pleuro- 


spermum or Ligusticum, but the doubt lies rather between Pleurospermum and 
Trachydium. The final decision will depend on more ample material. 
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Southwestern Kansu: Tao River basin, no. 12449. Eastern Tibet: 
Radja and Yellow River gorges, no. 14117; Ba Valley, no. 14255. 

Tongoloa elata Wolff in Act. Hort. Gothob. m. 291 (1925). 

Southwestern Kansu: Upper Tebbu country, no. 14629. 

Ligusticum Pilgerianum Wolff in Fedde, Rep. Spec. Nov. xxvit. 
307 (1930). 

Central Kansu: no. 12724. 

Ligusticum sinense Oliver in Hooker, Icon. xx. 1958 (1891). 

*Ligusticum Pilgerianum Fedde in Fedde, Rep. Spec. Nov. xxvii. 
322 (1930), non Wolff (p. 307). 

Southwestern Kansu: Upper Tebbu country, no. 14590 (syntype of 
L. Pilgerianum Fedde). 

*Ligusticum Weberbauerianum Fedde & Wolff in Fedde, Rep. Spec. 
Nov. xxvii. 312 (1930). 

Central Kansu: no. 12727 (holotype). 

Heracleum millefolium Diels 

Southwestern Kansu: Tao River basin, no. 12222. Eastern Tibet: 
Radja and Yellow River gorges, no. 14207; grasslands between 
Labrang and Yellow River, no. 14491. 

*Heracleum millefolium Diels var. longilobum Norman, var. nov.* 

A typo differt foliorum segmentis ultimis longioribus acutioribusque, 
et ovarii indumento densiore. 

Central Kansu. Lien hoa shan: among rocks between Tao Chow 
and Titao, alt. 3450 m., no. 12734 (type), July 1925 (plant white, 
woolly; flowers, carmine); among rocks between Tao-chow and 
Titao, alt. 3050 m., no. 12674, July 1925 (plant rosette-like; 
flowers pinkish lavender). 


PYROLACEAE 
Pyrola rotundifolia L. 
Central Kansu: no. 12745. 


PRIMULACEAE 
Primula L. 
Determined by W. W. SmitTH 
Primula aerinantha Balf. f. & Purdom 
Central Kansu: nos. 12676, 12711. 
Primula alsophila Balf. f. & Farrer 
Southwestern Kansu: Tao River basin, no. 12819. 
Primula chionantha Balf. f. & Forrest 
Southwestern Kansu: Tao River basin, no. 12392; Upper Tebbu 
country, no. 13631. 


*Dr. Diels, to whom part of this specimen was submitted, intimated that he 
considered it “at least a variety or an allied species.” 
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Primula chionantha Balf. f. & Forrest (farinose form) 
Southwestern Kansu: Tao River basin, nos. 12345, 12375. 
Primula chionantha Balf. f. & Forrest var. 

Southwestern Kansu: Tao River basin, no. 12470. 

Primula chionantha Balf. f. & Forrest forma 

Southwestern Kansu: Tao River basin, nos. 13656, 14920. 

Primula conspersa Balf. f. & Purdom 

Southwestern Kansu: Tao River basin, nos. 12451 (in part), 12563, 
12381, 12874. Central Kansu: no. 12683. 

Primula flava Maxim. 

Southwestern Kansu: Tao River basin, no. 12363; Upper Tebbu 
country, nos. 12492, 13639. Eastern Tibet: Radja and Yellow 
River gorges, nos. 13965, 14043, 14120; grasslands between La- 
brang and Yellow River, no. 13914. 

Primula gemmifera Batal. 

Southwestern Kansu: Tao River basin, nos. 12451 (in part), 12818, 
13159, 14624; Upper Tebbu country, nos. 13004, 13029. East- 
ern Tibet: Radja and Yellow River gorges, no. 13993. 

Primula graminifolia Pax & Hoffm. 

Southwestern Kansu: Tao River basin, nos. 12384, 12404; Upper 
Tebbu country, no. 13014. 

Primula limbata Balf. f. & Forrest 

Southwestern Kansu: Tao River basin, nos. 12381, 12408, 13654; 
Upper Tebbu country, no. 13066. Eastern Tibet: Radja and 
Yellow River gorges, no. 14064. 

Primula longipetiolata Pax & Hoffm. vel aff. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14227. iy 

Primula moupinensis Franch. 

Southern Kansu: nos. 12043, 12069. 

Primula optata Farrer apud I. B. Balf. 

Southwestern Kansu: Upper Tebbu country, no. 13633. Eastern 
Tibet: alpine region between Radja and Jupar ranges, nos. 14097, 
14145, 14147, 14385. 

Primula optata Farrer apud I. B. Balf. forma 

Eastern Tibet: Amnyi Machen range, no. 14424. 

Primula polyneura Franch. 

Southwestern Kansu: Tao River basin, nos. 12251, 12316, 12438, 
13652. 

Primula pumilio Maxim. 

Southwestern Kansu: Tao River basin, no. 12406. 

Primula Purdomii Craib 
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Southwestern Kansu: Tao River basin, nos. 12346, 12383, 12403. 
Eastern Tibet: Radja and Yellow River gorges, no. 14089. 

Primula reginella Balf. f. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14238. 

Primula reginella Balf. f. (dwarf form) 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
13907. 

Primula sibirica Jacq. 

Southwestern Kansu: Tao River basin, nos. 12277, 12313. Eastern 
Tibet: Radja and Yellow River gorges, no. 13994; Ba Valley, no. 
14276. 

Primula sikkimensis Hook. f. 

Eastern Tibet: Radja and Yellow River gorges, no. 14166; Amnyi 
Machen range, no. 14437. 

Primula stenocalyx Maxim. 

Southwestern Kansu: Tao River basin, nos. 12091, 12109, 12307, 
12421, 12488; Upper Tebbu country, no. 12523. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14470. 

Primula stenocalyx Maxim. (farinose form) 

Southwestern Kansu: Tao River basin, nos. 12361, 12402. Central 
Kansu: no. 12733. 

Primula tangutica Duthie 

Southwestern Kansu: Tao River basin, nos. 12253, 12261, 12612, 
13619, 13655; Upper Tebbu country, no. 12512. Eastern Tibet: 
Radja and Yellow River gorges, nos. 14008, 14065; Jupar Range, 
no. 14310. 

Primula Woodwardii Balf. f. 

Southwestern Kansu: Tao River basin, nos. 12653, 12656, 12837, 
13658. Eastern Tibet: alpine region between Radja and Jupar 
ranges, no. 14234. 

Primula spec. 

Southwestern Kansu: Tao River basin, no. 12407. 


Androsace L. 
Determined by H. HanpEt-Mazzett1 


Androsace Mariae Kan. var. tibetica (Maxim.) Handel-Mazzetti 
in Act. Hort. Gothob. 11. 114 (1926). 
Southwestern Kansu: Tao River basin, nos. 12094, 12133, 12308, 
7 12619. Eastern Tibet: Radja and Yellow River gorges, nos. 
13902, 13940, 14083; Ba Valley, no. 14261. 
Androsace tapete Maxim. 
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Southwestern Kansu: Tao River basin, no. 12650. Central Kansu: 
no. 12741. 

Androsace yargongensis Petitmengin 

Southwestern Kansu: Upper Tebbu country, no. 13040. 

Cortusa Matthioli L. — 

Central Kansu: no. 12720. 

Glaux maritima L. 

Southwestern Kansu: Tao River basin, no. 12245. Eastern Tibet: 
Radja and Yellow River gorges, no. 14135. 


PLUMBAGINACEAE 
Statice bicolor Bge. 


Central Kansu: no. 12758. 


GENTIANACEAE 
Gentiana L. 
Determined by C. V. B. Marquanp 


Gentiana algida Pall. forma 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14510. 

Gentiana dahurica Fisch. 

Eastern Tibet: Kokonor region, no. 13368; grasslands between La- 
brang and Yellow River, no. 14531. 

Gentiana Farreri Balf. f. 

Southwestern Kansu: Tao River basin, no. 14886; Lower Tebbu 
country, no. 14862. 

Gentiana Futtereri Diels & Gilg 

Eastern Tibet: Kokonor region, nos. 13360, 13399. 

Gentiana gracilipes Turrill 

Southwestern Kansu: Tao River basin, nos. 13175, 13719. 

Gentiana hexaphylla Maxim. 

Southwestern Kansu: Tao River basin, no. 13713. 

'Gentiana hexaphylla Maxim. var. caudata Marquand in Kew 
Bull. Misc. Inform. 1931, p. 81. 

Southwestern Kansu: Tao River basin, no. 13736. 

Gentiana leucomelaena Maxim. 

Southwestern Kansu: Tao River basin, no. 12309. Eastern Tibet: 
Ba Valley, no. 14277. 

Gentiana Przewalskii Maxim. 

Southwestern Kansu: Tao River basin, nos. 13720, 13734, 14645; 
Upper Tebbu country, no. 13011. 

Gentiana quinquenervia Turrill 

Southwestern Kansu: Tao River basin, no. 13179. 
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Gentiana riparia Kar. & Kir. 

Eastern Tibet: Radja and Yellow River gorges, no. 14021. 

Gentiana siphonantha Maxim. 

Eastern Tibet: Kokonor region, no. 13364; grasslands between La- 
brang and Yellow River, no. 14499 (partly browsed). 

Gentiana spathulifolia Kusnez. 

Southwestern Kansu: Upper Tebbu country, no. 14606. 

Gentiana straminea Maxim. 

Eastern Tibet: Kokonor region, no. 13380. 

Gentiana straminea Maxim. forma (leaves wider than the type). 

Southwestern Kansu: Tao River basin, no. 13715. 

Gentiana striata Maxim. 

Southwestern Kansu: Lower Tebbu country, no. 14863. 

Gentiana Szechenyii Kanitz (forma plicis longioribus). 

Southwestern Kansu: Lower Tebbu country, no. 14861. 

Gentiana tetraphylla Kusnez. 

Southwestern Kansu: Tao River basin, no. 14638. 

Gentianella ( § Crossopetalum) spec. 

Eastern Tibet: Radja and Yellow River gorges, no. 14218; Ba Val- 
ley, no. 14247. Southwestern Kansu: Tao River basin, no. 12353; 
Upper Tebbu country, nos. 13031, 14597; Tao River basin, no. 
13709. Central Kansu: no. 12691. 

Gentianella spec. 

Eastern Tibet: Kokonor region, nos. 13347, 13388; grasslands be- 
tween Labrang and Yellow River, no. 14497. 

Swertia spec. 

Eastern Tibet: Kokonor region, no. 13350, 13358. Southwestern 
Kansu: Tao River basin, nos. 13707, 13708, 14619. 


ASCLEPIADACEAE 


Cynanchum inamoenum (Maxim.) Loes. é 
Southwestern Kansu: Tao River basin, no. 12226. Central Kansu: 
no. 13230. 
CONVOLVULACEAE 
Convolvulus Ammannii Desr. 
Central Kansu: no. 13233. Eastern Tibet: Ba Valley, no. 14358. 
Convolvulus arvensis L. var. sagittifolius Fisch. 
Eastern Tibet: Radja and Yellow River gorges, no. 14200; Ba Val- 
ley, no. 14359. 
POLEMONIACEAE 


Polemonium coeruleum L. ssp. vulgare (Ledeb.) Brand 
Southwestern Kansu: Tao River basin, nos. 12574, 12848, 12919. 


. 
i 
$ 
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BORAGINACEAE 
Determined by I. M. JouNsToNn 


Lappula Redowskii (Horn.) Greene 

Southwestern Kansu: Tao River basin, no. 12358. 

Eritrichium strictum Dcne. 

Eastern Tibet: Radja and Yellow River gorges, no. 14203. 

Lithospermum officinale L. 

Southwestern Kansu: Tao River basin, no. 12356. 

*Microula Rockii Johnston in Contrib. Gray Herb. Lxxx1. 82 
(1928). 
Anoplocaryum Rockii (Johnst.) Brand in Fedde, Rep. Spec. Nov. 
xxvi. 170 (1929). 

Southwestern Kansu: Tao River basin, no. 12605 (paratype). East- 
ern Tibet: grasslands between Labrang and Yellow River, no. 
14511 (holotype); alpine region between Radja and Jupar ranges, 
no. 14384 (paratype). 

Microula sikkimensis (Clarke) Hemsley 

Southwestern Kansu: Tao River basin, nos. 12250, 12347. Eastern 
Tibet: Radja and Yellow River gorges, no. 14026; Ba Valley, 
no. 14275. 

Microula tangutica Maxim. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14397; grasslands between Labrang and Yellow River, nos. 14469, 
14509. 

Myosotis alpestris F. W. Schmidt var. 

Southwestern Kansu: Tao River basin, nos. 12386, 13005. 


LABIATAE 

Ajuga calantha Diels 

Southwestern Kansu: Tao River basin, nos. 12214, 12455, 12610, 
12636, 12806. 

*Ajuga calantha Diels f. albiflora Diels, msc. 

Central Kansu: no. 12787. 

Ajuga lupulina Maxim. 

Southwestern Kansu: Tao River basin, no. 12321. Eastern Tibet: 
Radja and Yellow River gorges, no. 14129; Jupar Range, no. 
14373. 

Scutellaria amoena C. H. Wright 

Southwestern Kansu: Tao River basin, nos. 12564, 13198. 

*Scutellaria scordiifolia Fisch. f. pubescens Diels, msc. 

Southwestern Kansu: Tao River basin, no. 12900. 

*Scutellaria Rehderiana Diels in Notizbl. Bot. Gard. Mus. Berlin, 
x. 889 (1930). 
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Southwestern Kansu: Tao River basin, no. 12827 (holotype). 

Marrubium incisum Benth. 

Eastern Tibet: Radja and Yellow River gorges, no. 14194. 

Nepeta coerulescens Maxim. f. major Diels, msc. 

Eastern Tibet: Radja and Yellow River gorges, no. 14119. 

Nepeta macrantha Fisch. 

Southwestern Kansu: Tao River basin, nos. 12891, 12905, 12963; 
Upper Tebbu country, no. 14628. 

Dracocephalum heterophyllum Benth. 

Southwestern Kansu: Tao River basin, no. 12894. Central Kansu: 
nos. 12768, 13247. Western Kansu: no. 13251. Eastern Tibet: 
Kokonor region, no. 13353; Radja and Yellow River gorges, no. 
14198. 

Dracocephalum imberbe Bge. 

Southwestern Kansu: Tao River basin, nos. 12593, 12871. Central 
Kansu: no. 12767. . 

Dracocephalum tanguticum Maxim. 

Southwestern Kansu: Tao River basin, nos. 12860, 12866. Western 
Kansu: nos. 13249, 13260. 

Phlomis rotata Benth. 

Eastern Tibet: Radja and Yellow River gorges, no. 14172; alpine 
region between Radja and Jupar ranges, no. 14406. 

Phlomis umbrosa Turcz. 

Central Kansu:. no. 12791. Southwestern Kansu: Upper Tebbu 
country, no. 14576. 

Galeopsis Tetrahit L. 

Southwestern Kansu: Tao River basin, no. 13153. 

Stachys baicalensis Fisch. 

Central Kansu: no. 12665. Eastern Tibet: Radja and Yellow River 
gorges, no. 14181. 

Salvia Prattti Hemsl. 

Eastern Tibet: Amnyi Machen range, no. 14426. 

Salvia Przewalskii Maxim. 

Southwestern Kansu: Tao River basin, no. 12579. ~- 

Salvia Roborowskii Maxim. 

Southwestern Kansu: Tao River basin, no. 12184. 

*Thymus Serpyllum L. ssp. mongolicus Ronniger in Notizbl. Bot. 
Gard. Mus. Berlin, x. 890 (1930). 

Southwestern Kansu: Tao River basin, no. 12927 (syntype). Cen- 
tral Kansu: no. 12664. Eastern Tibet: grasslands between La- 
brang and Yellow River, no. 14539 (syntype). 

Elsholtzia densa Benth. 

Southwestern Kansu: Tao River basin, no. 13150. 
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SOLANACEAE 
Anisodus spec. 
Southwestern Kansu: Tao River basin, no. 12337. 
Solanum septemlobum Bge. 
Eastern Tibet: Ba Valley, no. 14273. 


SCROPHULARIACEAE 


Scrophularia incisa Weinm. 

Eastern Tibet: Radja and Yellow River gorges, no. 14137; Ba Val- 
ley, no. 14245. 

Scrofella chinensis Maxim. 

Southwestern Kansu: Tao River basin, nos. 13152, 13733. Central 
Kansu: no. 12690. 

Mimulus nepalensis Benth. 

Southwestern Kansu: Tao River basin, no. 12947. 

Veronica ciliata Fisch. 

Southwestern Kansu: Upper Tebbu country, no. 14600. 

Lagotis brachystachya Maxim. 

Southwestern Kansu: Tao River basin, no. 12130. Eastern Tibet: 
Radja and Yellow River gorges, no. 13951. 

Lagotis brevituba Maxim. 

Eastern Tibet: Jupar Range, no. 14332. 

Lagotis glauca Gaertn. 

Southwestern Kansu: Tao River basin, no. 12391. Eastern Tibet: 
alpine region between Radja and Jupar ranges, no. 14098. 

Euphrasia hirtella Jord. 

Southwestern Kansu: Tao River basin, no. 12246. 

Euphrasia tatarica Fisch. ‘Ss 

Central Kansu: no. 12788. 

Pedicularis alaschanica Maxim. 

Southwestern Kansu: Tao River basin, nos. 12459, 12568. Eastern 
Tibet: Kokonor region, no. 13374. 

Pedicularis anas Maxim. var. 

Southwestern Kansu: Upper Tebbu country, no. 13035. 

Pedicularis armata Maxim. 

Southwestern Kansu: Tao River basin, nos. 12880, 13148; Upper 
Tebbu country, no. 13091. 

Pedicularis cheilanthifolia Schrenk 

Southwestern Kansu: Tao River basin, no. 12312. Eastern Tibet: 
grasslands between Labrang and Yellow River, nos. 14465, 14526; 
Ba Valley, no. 14272. . 

Pedicularis cheilanthifolia Schrenk var. isochila Maxim. 
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Southwestern Kansu: Tao River basin, nos. 12247, 12278. Eastern 
Tibet: Radja and Yellow River gorges, no. 14202. 

*Pedicularis chenocephala Diels in Notizbl. Bot. Gard. Mus. Ber- 
lin, x. 892 (1930). 

Southwestern Kansu: Tao River basin, no. 12607 (holotype). 

Pedicularis chenocephala Diels forma 

Eastern Tibet: Amnyi Machen range, no. 14435. 

Pedicularis chinensis Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13101. Eastern 
Tibet: Kokonor region, no. 13355. _ 

Pedicularis cranolopha Maxim. 

Eastern Tibet: Radja and Yellow River gorges, no. 14186. 

Pedicularis cranolopha Maxim. var. longicornuta Prain 

Southwestern Kansu: Tao River basin, no. 12928. 

Pedicularis cristata Maxim. 

Southwestern Kansu: Tao River basin, nos. 12828, 12879, 12910. 

Pedicularis Davidi Franch. 

Southwestern Kansu: Tao River basin, nos. 12448, 12906; Upper 
Tebbu country, no. 13032. 

*Pedicularis decorissima Diels in Notizbl. Bot. Gard. Mus. Berlin, 
x. 891 (1930). 

Eastern Tibet: grasslands between Labrang and Yellow River, nos. 
14546 (holotype), 14537 (paratype). 

Pedicularis ingens Maxim. 

Eastern Tibet: Radja and Yellow River gorges, no. 14217; grass- 
lands between Labrang and Yellow River, no. 14481. 

Pedicularis kansuensis Maxim. 

Southwestern Kansu: Tao River basin, nos. 12287, 12794. Eastern 
Tibet: Radja and Yellow River gorges, nos. 14118, 14208; Ba 
Valley, no. 14270. 

Pedicularis labellata Jacq. 

Southwestern Kansu: Upper Tebbu country, no. 13098; Tao River 
basin, no. 13164. Eastern Tibet: alpine region between Radja and 
Jupar ranges, no. 14403. = 

Pedicularis lasiophrys Maxim. 

Eastern Tibet: Amnyi Machen range, no. 14439; grasslands between 
Labrang and Yellow River, no. 14525. 

Pedicularis lasiophrys Maxim. var. sinica Maxim. 

Southwestern Kansu: Tao River basin, no. 12850. 

Pedicularis longiflora Rudolphi 

Eastern Tibet: Ba Valey, no. 14354. 

Pedicularis macrosiphon Franch. 

3 Southwestern Kansu: Tao River basin, no. 12293. 
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Pedicularis muscicola Maxim. 

Eastern Tibet: Ba Valley, no. 14279. 

Pedicularis pilostachya Maxim. 

Eastern Tibet: Jupar Range, no, 14331. 

Pedicularis Przewalskii Maxim. 

Eastern Tibet: Amnyi Machen range, no. 14438. 

Pedicularis recurva Maxim. 

Southwestern Kansu: Upper Tebbu country, no, 13097. 

Pedicularis rudis Maxim. 

Southwestern Kansu: Tao River basin, no. 12868; Upper Tebbu 
country, no, 13104, 

Pedicularis scolopax Maxim. flor. majoribus 

Eastern Tibet: Radja and Yellow River gorges, no. 14132. 

Pedicularis semitorta Maxim. 

Southwestern Kansu: Tao River basin, nos. 12268, 12795. Central 
Kansu: no. 12696. Eastern Tibet: Radja and Yellow River 
gorges, nos. 14127, 14215; grasslands between Labrang and Yel- 
low River, no. 14548. 

*Pedicularis striata Pall. var. poliocalyx Diels in Notizbl. Bot. 
Gard. Mus. Berlin, x. 892 (1930). 

Southwestern Kansu: Tao River basin, nos. 12798 (holotype), 42916 
(paratype). 

Pedicularis szetschuanica Maxim. 

Southwestern Kansu: Tao River basin, nos. 12244, 12620. Eastern 
Tibet: Radja and Yellow River gorges, no. 14191; alpine region 
between Radja and Jupar ranges, no. 14161; Ba Valley, nos. 
14252, 14274; Amnyi Machen range, no. 14416; grasslands be- 
tween Labrang and Yellow River, no, 14503. 

Pedicularis szetschuanica Maxim. var. longispica Bon. 

Southwestern Kansu: Tao River basin, no. 12643. Eastern Tibet: 
Radja and Yellow River gorges, no. 14192; Amnyi Machen range, 
no. 14415, 

Pedicularis torta Maxim. 

Southwestern Kansu: Tao River basin, nos. 12615, 12923. 

Pedicularis tristis L. var. macrantha Maxim. ; 

Southwestern Kansu: Tao River basin, no. 12637. Central Kansu: 
no, 12702, Eastern Tibet: Amnyi Machen range, no, 14422, 

Pedicularis versicolor Wahlenb. 

Southwestern Kansu: Tao River basin, nos, 12413, 12601, 12642; 
Upper Tebbu country, no. 13124. Eastern Tibet: Radja and 
Yellow River gorges, no. 13990; alpine region between Radja and 
Jupar ranges, nos, 14094, 14235, 14395, 
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‘Pedicularis spec. aff. P. plicata Maxim. 

Central Kansu: no. 12784. 

Pedicularis spec. 

Southwestern Kansu: Tao River basin, no. 12255. 
Pedicularis (Bidentatae) spec. 

Southwestern Kansu: Upper Tebbu country, no. 12529. 
Pedicularis (Longirostres) spec. 

Central Kansu: no. 12689. 


BIGNONIACEAE 


Incarvillea compacta Maxim. 

Southwestern Kansu: Tao River basin, no. 13653. Northwestern 
Kansu: no. 13301. Eastern Tibet: Radja and Yellow River 

_ gorges, nos. 13974, 14087. 

Incarvillea principis Bur. & Franch. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 

~ 14401. 

Incarvillea sinensis Lam. 

Central Kansu: no. 13245. 


OROBANCHACEAE 


Xylanche himalaica Beck 
Southwestern Kansu: Upper Tebbu country, no. 13123. 


LENTIBULARIACEAE 
Pinguicula alpina L. 
Southwestern Kansu: Upper Tebbu country, no. 12535; Tao River 
basin, no. 12644. 
RUBIACEAE 
Asperula odorata L. 
Southwestern Kansu: Tao River basin, no. 12570. 
Galium boreale L. 
Southwestern Kansu: Tao River basin, no. 12559. 
Galium verum L. 
Southwestern Kansu: Tao River basin, no. 12591. 
Galium spec. 
Southwestern Kansu: Tao River basin, no. 12580. Eastern Tibet: 
Radja and Yellow River gorges, no. 14195. 


CAPRIFOLIACEAE 


Triosteum pinnatifidum Maxim. 
Southwestern Kansu: Tao River basin, no. 12216; Upper Tebbu 
country, no. 12509. 
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VALERIANACEAE 


Valeriana pseudodioica Pax & K. Hoffm. 

Southwestern Kansu; Tao River basin, no. 12218. 

Valeriana tangutica Batal. 

Central Kansu: nos. 12712, 12716. Eastern Tibet: Kokonor region, 
no, 13348; Radja and Yellow River gorges, nos. 13980, 14122. 

Valeriana spec. 

Southwestern Kansu: Upper Tebbu country, no. 14595. 

Nardostachys Jatamansi DC. 

Eastern Tibet: Radja and Yellow River gorges, no. 14168; grass- 
‘lands between Labrang and Yellow River, no. 14484. 


DIPSACACEAE 


Morina betonicoides Benth. 

Southwestern Kansu: Tao River basin, nos. 12617, 14611; Upper 
Tebbu country, no, 13119, Eastern Tibet: Radja and Yellow 
River gorges, no. 14170. 

Morina chinensis (Batal.) Diels apud Limpricht in Fedde, Rep. 
Spec. Nov. Beih. x11. 497 (Bot. Reise Hochgeb. Chinas & Ost- 
Tibets) (1922). 

Southwestern Kansu; Tao River basin, nos. 12556, 12952. Eastern 
Tibet: Radja and Yellow River gorges, no. 14187. 


CAMPANULACEAE 


Adenophora liliifolioides Pax & K. Hoffm. 

Southwestern Kansu: Tao River basin, no. 13151. 

Adenophora Potanini Korsh. 

Southwestern Kansu: Tao River basin, no. 13140. Eastern Tibet: 
grasslands between Labrang and Yellow River, no, 14544. 

Adenophora Smithii Nannfeldt in Act. Hort. Gothob. v. 21 (1929). 

Southwestern Kansu: Tao River basin, no. 12929. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14551. 

Adenophora spec. aff. A. gracilis Nannfeldt in Act. Hort. Gothob. 
v. 17 (1929). 

Southwestern Kansu: Tao River basin, no. 13149. 

Adenophora spec. aff. A. marsupiiflora Fisch. 

Central Kansu: no, 12688. 

Adenophora spec. aff. A. Potanini Korsh. 

Western Kansu: no, 13250. 

Codonopsis ovata Benth. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14522. 2 

Codonopsis viridiflora Maxim. 
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Central Kansu: no. 12738. Southwestern Kansu: Upper Tebbu 
country, no. 13125. 

Cyananthus Hookeri C. B. Clarke var. hispida Franch. 

Southwestern Kansu: Tao River basin, no. 13725. 


COMPOSITAE 

Aster Bowerii Hems!l. 

Eastern Tibet: Kokonor region, no. 13352; grasslands between La- 
brang and Yellow River, no. 14487. 

Aster flaccidus Bge. 

Southwestern Kansu: Upper Tebbu country, no. 13008, 13019. 
Eastern Tibet: alpine region between Radja and Jupar' ranges, 
no. 14230. 

Aster Fordii Hemsl. 

Southwestern Kansu: Upper Tebbu country, no. 14627 

Aster Heterochaeta Benth. 

Southwestern Kansu: Tao River basin, nos. 12202, 12252, 12489, 
12830. Eastern Tibet: Radja and Yellow River gorges, nos. 
13985, 14109. 

Aster hispidus Thunb. 

Southwestern Kansu: Tao River basin, no. 13706. Western Kansu: 
no. 13255. 

Aster tongolensis Franch. 

Southwestern Kansu: Tao River basin, no. 12842. Eastern Tibet: 
Ba Valley, no. 14285. 

Aster trinervius Roxb. 

Southwestern Kansu: Tao River basin, no. 13668; Upper Tebbu 
country, no. 14631. 

Aster Vilmorini Franch. 

Southwestern Kansu: Tao River basin, nos. 12801, 12950, 14612; 
Upper Tebbu country, no. 13099. Central Kansu: no. 12684. 
Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14533. 

Aster spec. 

Southwestern Kansu: Tao River basin, no. 12569. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14447. 

Erigeron acris L. 

Southwestern Kansu: Upper Tebbu country, no. 14601. Central 
Kansu: no. 12779. 

Leontopodium R. Br. 
. Determined by H. HanpeL-MazzetrTi 
‘ Leontopodium calocephalum (Franch.) Beauvd. 
Southwestern Kansu: Upper Tebbu country, no. 13033. 


‘ 
¥ 
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Leontopodium Dedekensii (Bur. & Franch.) Beauvd. 

Southwestern Kansu: Tao River basin, no. 13147. Eastern Tibet: 
Radja and Yellow River gorges, no. 14206. 

Leontopodium haplophylloides Hand.-Mazz. 

Western Kansu: nos. 13390, 13394. Eastern Tibet: grasslands be- 
tween Labrang and Yellow River, no. 14550. 

Leontopodium Jacotianum Beauvd. 

Central Kansu: no. 12714, 

Leontopodium linearifolium Hand.-Mazz. 

Southwestern Kansu: Upper Tebbu country, no. 13016; Lower 
Tebbu country, no. 14726, Eastern Tibet: Kokonor region, nos. 
13373, 13392; grasslands between Labrang and Yellow River, 
nos. 14445, 14448, 14461, 14475, 14489, 14492, 14534; alpine 
region between Radja and Jupar ranges, nos. 14152, 14239, 14242; 
Jupar Range, no. 14333; Amnyi Machen range, no. 14417. 

Leontopodium linearifolium Hand.-Mazz. ad L. Souliei Beauvd. 

Eastern Tibet: Amnyi Machen range, no. 14418. 

Leontopodium nanum (Hook. f. & Thoms.) Handel-Mazzetti in 
Beih. Bot. Centralbl. xi1v. Abt. 2, 111 (1927). 

Southwestern Kansu: Tao River basin, no. 12134. 

Leontopodium Smithianum Hand.-Mazz. (L. conglobatum X L. 
leontopodioides ) 

Southwestern Kansu: Tao River basin, nos. 12239, 12565, 12902. 

Anaphalis Hancockii Maxim. 

Southwestern Kansu: Tao River basin, no. 12240. 

Anaphalis lactea Maxim. 

Southwestern Kansu: Tao River basin, nos. 12882, 12899. 

Anaphalis margaritacea (L.) Benth. & Hook. 

Central Kansu: no. 12780. Southwestern Kansu: Tao River basin, 
no. 13158. 

Anaphalis spec. 

Southwestern Kansu: Tao River basin, no. 13724. 

Inula ammophila Bge. 

Central Kansu: no. 13234. 

Carpesium Lipskyi C. Winkl. 

Southwestern Kansu: Upper Tebbu country, no. 14605. 

Achillea Ptarmica L. 

Southwestern Kansu: Tao River basin, no. 13667. Central Kansu: 
no. 12774. 

Chrysanthemum fruticulosum Ledeb. 

Western Kansu: no. 13258. 

Chrysanthemum indicum L. 

Southwestern Kansu: Tao River basin, no. 13705. 


1933] REHDER AND KOBUSKI, PLANTS COLLECTED BY ROCK 39 


Chrysanthemum tatsienense Bur. & Franch. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14512. 

Tanacetum tenuifolium Jacq. 

Southwestern Kansu: Tao River basin, no. 13727; Upper Tebbu 
country, no. 14598. Eastern Tibet: Kokonor region, no. 13362. 

Artemisia biennis Willd. 

Eastern Tibet: Kokonor region, no. 13384. 

Artemisia laciniata Willd. 

Western Kansu: no. 13248. 

Artemisia salsoloides Willd. 

Eastern Tibet: Kokonor region, no. 13385. 

Artemisia Sieversiana Willd. 

Southwestern Kansu: Tao River basin, no. 12913. 

Artemisia spec. 

Southwestern Kansu: Upper Tebbu country, no. 13013. 

Stereosanthus Souliei Franch. 

Southwestern Kansu: Tao River basin, no. 12854. 

Serratula centauroides L. 

Southwestern Kansu: Tao River basin, no. 12864; Upper Tebbu 
country, no. 14610. Central Kansu: no. 12773. 

Petasites tricholobus Franch. 

Southwestern Kansu: Tao River basin, no. 12082. 

Doronicum stenoglossum Maxim. 

Southwestern Kansu: Tao River basin, no. 12941; Upper Tebbu 
country, no. 14599. 

Doronicum thibetanum Cavill. 

Southwestern Kansu: Tao River basin, nos. 12192, 12389; Upper 
Tebbu country, no. 13020. 

Cacalia deltophylla (Maxim.) Mattfeld, comb. nov. 
Senecio deltophylla Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 14586. 

Cacalia Potanini (C. Winkl.) Mattfeld, comb. nov. 
Senecio Potanini C. Winkl. << 

Southwestern Kansu: Upper Tebbu country, nos. 12998, 12998a. 

Cacalia spec. 

Southwestern Kansu: Tao River basin, no. 13717; Upper Tebbu 
country, nos. 13028, 13076, 14603. Central Kansu: no. 12722. 

Senecio acerifolius C. Winkl. 

Southwestern Kansu: Tao River basin, no. 12946; Upper Tebbu 
country, no. 14602. Central Kansu: no. 12710. 

Senecio argunensis Turcz. 
5 Southwestern Kansu: Tao River basin, nos. 13195, 13669. 
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Senecio campestris DC. 

Southwestern Kansu: Tao River basin, nos. 12320, 12352. 

Senecio nemorensis L. 

Southwestern Kansu: Lower Tebbu country, no. 14856. 

Senecio thianshanicus Reg. & Schmalh. 

Eastern Tibet: Kokonor region, no. 13400; Radja and Yellow River 
gorges, no. 14214; grasslands between Labrang and Yellow River, 
nos. 14468, 14498. 

Senecio spec. 

Southwestern Kansu: Tao River basin, nos. 12836, 13139; Upper 
Tebbu country, nos. 12997, 14573, 14584. 

Ligularia altaica DC. 

Southwestern Kansu: Tao River basin, nos. 12557, 12633. 

Ligularia plantaginifolia (Franch.) Mattfeld, comb. nov. 

Senecio plantaginifolia Franch. 

Eastern Tibet: Radja and Yellow River gorges, no. 14179; alpine 
region between Radja and Jupar ranges, no. 14402. 

Ligularia Przewalskii Maxim. 

Southwestern Kansu: Tao River basin, nos. 12846, 12907. 

Ligularia sagitta (Maxim.) Mattfeld, comb. nov. 

Senecio sagitta Maxim. 

Southwestern Kansu: Tao River basin; nos. 13165, 14616; Upper 
Tebbu country, nos. 13078, 13117. Eastern Tibet: grasslands 
between Labrang and Yellow River, no. 14536. 

Ligularia sibirica Cass. var. speciosa DC. 

Southwestern Kansu: Tao River basin, no. 12943; Upper Tebbu 
country, nos. 13126, 14592. 

Ligularia tangutica (Maxim.) Mattfeld, comb. nov. 

Senecio tangutica Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13074 

Ligularia virgaurea (Maxim.) Mattfeld, comb. nov. 

_ Senecio virgaurea Maxim. 

Southwestern Kansu: Upper Tebbu country, nos. 12999, 13038; Tao 
River basin, nos. 13163, 13181, 14614. Eastern Tibet: grasslands 
between Labrang and Yellow River, nos. 14521, 14524, 14549. 

Ligularia yesoensis Franch. var. sutchuensis Franch. 

Southwestern Kansu: Lower Tebbu country, nos. 14651, 15038. 

Ligularia spec. Ne 

Southwestern Kansu: Upper Tebbu country, no. 13110. 

Cremanthodium bupleurifolium W. W. Sm. 

Southwestern Kansu: Tao River basin, no. 12630. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14507. 

Cremanthodium Decaisnei C. B. Clarke 
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Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14464; alpine region between Radja and Jupar ranges, nos. 
14159, 14393; Amnyi Machen range, no. 14428. 

Cremanthodium discoideum Maxim. 

Eastern Tibet: alpine region between Radja and Jupar ranges, no. 
14404. 

Cremanthodium humile Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13022; Tao River 
basin, no. 13183. 

Cremanthodium Limprichtii Diels 

Southwestern Kansu: Tao River basin, no. 12618. 

Cremanthodium lineare Maxim. 

Eastern Tibet: Kokonor region, no. 13378. 

Cremanthodium plantagineum Maxim. 

Southwestern Kansu: Upper Tebbu country, no. 13030. Eastern 
Tibet: grasslands between Labrang and Yellow River, no. 14471; 
alpine region between Radja and Jupar ranges, nos. 14383, 14387; 
Ba Valley, no. 14357; Jupar Range, no. 14308. 

Cremanthodium spec. 

Southwestern Kansu: Upper Tebbu country, nos. 13012, 13049, 
13084. 

Echinops Turczaninowii Ledeb. 

Northwestern Kansu: no. 13396. 

Saussurea amara DC. 

Southwestern Kansu: Tao River basin, no. 13201. 

Saussurea apus Maxim. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14474. 

Saussurea arenaria Maxim. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14495. 

Saussurea Giraldii Diels 

Central Kansu: no. 12717. 

Saussurea hypsipeta Diels od 

Eastern Tibet: Jupar Range, no. 14367; alpine region between 
Radja and Jupar ranges, no. 14388; Amnyi Machen range, no. 
14411. 

Saussurea medusa Maxim. 

Southwestern Kansu: Tao River basin, no. 12385; Upper Tebbu 
country, no. 13044. Eastern Tibet: alpine region between Radja 
and Jupar ranges, no. 14390; Jupar Range, no. 14366; Amnyi 
Machen range, no. 14429. 
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Saussurea nigrescens Maxim, 

Southwestern Kansu; Upper Tebbu country, no, 13067, 

Saussurea phaeantha Maxim. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14516, 

Saussurea polystichoides Hook. f. 

Southwestern Kansu: Tao River basin, no, 13737. 

Saussurea poophylla Diels 

Southwestern Kansu: Upper Tebbu country, no, 13001. 

Saussurea pygmaea Spreng. var. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14458. 

Saussurea stella Maxim. 

Eastern Tibet: Kokonor region, nos, 13349, 13379. Southwestern 
Kansu: Tao River basin, no. 13666, 

Saussurea Thoroldi Hemsl. 

Eastern Tibet: Kokonor region, nos, 13376, 13377. 

Saussurea spec. aff. S. poophylla Diels 

Central Kansu: no. 12721, 

Saussurea spec. ce 

Southwestern Kansu: Tao River basin, nos. 13156, 13180, 13199, 
13200, 13739, 14617, 14618; Upper Tebbu country, nos. 13034, 
13036, 13121, 14604, 14626; Lower Tebbu country, no, 14817. 
Central Kansu: nos. 12740, 12771. Northwestern Kansu: 13386, 
Eastern Tibet: Kokonor region, nos. 13700, 13702; grasslands 
between Labrang and Yellow River, no, 14485; Jupar Range, nos. 
14337, 14368; Amnyi Machen range, Nos. 14413, 14425, 14433. 

Carduus euosmos Forrest apud W. W. Sm. . 

Eastern Tibet: Kokonor region, no, 13371. Southwestern Kansu: 
Upper Tebbu country, no, 14582. 

Cirsium arvense Scop. 

Eastern Tibet: Amnyi Machen range, no. 14443, 

Cirsium setosum Bieb. 

Central Kansu: no. 12764. Southwestern Kansu: Tao River basin, 
no, 13718. 

Cirsium Souliei (Franch.) Mattfeld, comb. nov, 
Cnicus Souliet Franch. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14496, 

Cirsium spec. _ 

Southwestern Kansu: Upper Tebbu country, no, 13122. 

Scorzonera austriaca Willd. 
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Southwestern Kansu: Tao River basin, no. 12169. Eastern Tibet: 
Radja and Yellow River gorges, no. 14104. 

Taraxacum mongolicum Hand.-Mazz. 

Eastern Tibet: Radja and Yellow River gorges, no. 13979. 

Lactuca spec. aff. L. Souliei Franch. 

Southwestern Kansu: Tao River basin, no. 13729. 

Crepis Hookeriana C. B. Clarke 

Southwestern Kansu: Tao River basin, no. 12645. Eastern Tibet: 
grasslands between Labrang and Yellow River, no. 14517; alpine 
region between Radja and Jupar ranges, no. 14386; Amnyi 
Machen range, no. 14442. 

Crepis paleacea Diels aff. 

Southwestern Kansu: Upper Tebbu country, no. 13062. 

Crepis rosularis Diels aff. P 

Southwestern Kansu: Upper Tebbu country, no. 13025. 

Crepis spec. aff. C. trichocarpa Franch. 

Eastern Tibet: grasslands between Labrang and Yellow River, no. 
14529. 

Prenanthes spec. 

Southwestern Kansu: Upper Tebbu country, no. 14591. 


‘LIST OF SEEDS OF LIGNEOUS AND HERBACEOUS PLANTS 
COLLECTED IN 1925 AND 1926 BY J. F. ROCK AND 
DISTRIBUTED BY THE ARNOLD ARBORETUM 


12131. Pyrus pashia Ham. 13244. Ampelopsis aconitifolia Bge. 

12141. Viburnum fragrans Bge. var. palmiloba (Carr.) 

12193. Lonicera hispida Pall. Rehd. 

12270, Lonicera syringantha 13256. Berberis Vernae Schneid. 
Maxim. 13257. Lycium chinense Mill. 

12297. Lonicera syringantha 13261. Berberis Boschanii Schneid. 
Maxim. 13262. Berberis dasystachya 

12432. Prunus setulosa Batal. Maxim. 

12475. Lonicera hispida Pall. 13263. Berberis diaphana Maxim. 


12527. Prunus stipulacea Maxim. 13264. Rosa Sweginzowii Koehne 
12532. Lonicera tangutica Maxim. 13265. Rosa bella-Rehd. & Wils. 
12797. Berberis parvifolia Sprague 13266. Rosa Sweginzowii Koehne 


12893. Lonicera coerulea L. var. 13267. Sorbus thianschanica Rupr. 
edulis Reg. 13268. Sorbus Koehneana Schneid. 
13197. Ribes stenocarpum Maxim. 13269. Cotoneaster tenuipes Rehd. 
13202. Berberis Mouillacana & Wils. 
M4 Schneid. 13270. Hippophoé rhamnoides L. 
Fi 13225. Prinsepia uniflora Batal. 13271. Rosa omeiensis Rolfe 
13240. Nitraria Schoberi L. 13272. Berberis diaphana Maxim. 


13243. Ailanthus altissima ( Mill.) 13273. Berberis diaphana Maxim. 
Swingle 13274. Berberis Boschanii Schneid. 
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13275. 
13276. 


13277. 


13278. 
13279. 


13280. 
13281. 
13282. 
13283. 


13285. 


13286. 
13288. 
13289. 
13290. 
13291. 


13292. 
13293. 
13294. 


13295. 
13296. 
13297. 


13298. 


13299. 
13300. 
13301. 
13302. 


13303. 


13304. 
13305. 


13307. 
13308. 
13309, 
13310. 
13311. 
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Hippophoé rhamnoides L. 

Lonicera syringantha 
Maxim. 

Clematis tangutica Korsh. 
var. obtusiuscula Rehd. 
& Wils. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron anthopogo- 
noides Maxim. 

Caragana brevifolia Komar. 

Picea asperata Mast. 

Picea asperata Mast. 

Betula japonica Sieb. var. 
Rockii Rehd. 

Rubus idaeus L. var. 
strigosus Maxim. 

Sorbus thianschanica Rupr. 

Lonicera nervosa Maxim. 

Berberis Vernae Schneid. 

Berberis kansuensis Schneid. 

Berberis dasystachya 
Maxim. ' 

Berberis kansuensis Schneid. 

Rosa bella Rehd. & Wils. 

Cotoneaster acutifolia 
Turcz. 

Berberis diaphana Maxim. 

Cotoneaster multiflora Bge. 

Rhamnus leptophylla 


Schneid. var. scabrella 
Rehd. 

Lonicera syringantha 
Maxim. 


Rosa Willmottiae Hemsl. 

Berberis Boschanii Schneid. 

Incarvillea compacta Maxim. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron thymifolium 
Maxim. 

Picea asperata Mast. 

Juniperus zaidamensis 
Komar. 

Picea asperata Mast. 

Clematis brevicaudata DC. 

Picea asperata Mast. 

Picea asperata Mast. 

Evonymus Przewalskii 
Maxim. 


13313. 
13314. 
13315. 
13316, 
13317. 
13318. 
13319. 
13320. 
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Picea asperata Mast. 
Berberis Caroli Schneid. 
Berberis Vernae Schneid. 
Berberis Boschanii Schneid. 
Sophora alopecuroides L. 
Sorbus thianschanica Rupr. 
Elaeagnus angustifolia L. 
Nitraria Schoberi L. 


13320a. Zygophyllum xanthoxylum 


13321. 
13322. 


13341. 
13422. 


13423. 


13424. 
13425. 


13426. 
13427. 
13428. 
13429. 


13430. 
13431. 
13432. 
13433. 
13434, 
13435. 


13436. 
13437. 
13438. 
13439. 
13440. 
13441. 
13442. 
13443, 
13444. 


13445, 


Maxim. 

Potentilla Salesoviana 
Steph. 

Clematis fruticosa Turcz. 
var. canescens Turcz. 

Picea asperata Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Abies Faxoniana Rehd. & 
Wils. 

Picea purpurea Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Picea Wilsonii Mast. 

Picea purpurea Mast. 

Picea asperata Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Picea purpurea Mast. 

Picea asperata Mast. 

Juniperus formosana Hay. 

Picea asperata Mast. 

Picea purpurea Mast. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Abies Faxoniana Rehd. & 
Wils. 

Abies Faxoniana Rehd. & 
Wils. 

Picea asperata Mast. 

Picea purpurea Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Picea purpurea Mast. 

Picea purpurea Mast. 

Picea Wilsonii Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Abies Faxoniana Rehd. & 
Wils. 
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13446. 
13447. 


13448. 


13449. 
13450. 


13451. 


13452. 
13453. 
13454. 


13455. 
13456. 


13457. 
13458. 
13459. 
13460. 
13461. 
13462. 
13463. 
13464. 
13465. 
13466. 


13467. 


13468, 
13469, 
13470. 
13471. 


13472. 
13473. 


13474. 
13475. 
13476. 
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Picea asperata Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Abies Faxoniana Rehd. & 
Wils. 

Pinus tabulaeformis Carr. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Picea Wilsonii Mast. 

Picea Wilsonii Mast. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Picea purpurea Mast. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Picea Wilsonii Mast. 

Picea purpurea Mast. 

Picea asperata Mast. 

Picea purpurea Mast. 

Pinus tabulaeformis Carr. 

Picea purpurea Mast. 

Pinus Armandi Franch. 

Picea asperata Mast. 

Larix Potaninii Batal. 

Abies Faxoniana Rehd. & 
Wils. _ 

Abies sutchuenensis 
(Franch.) Rehd. 

& Wils. 

Juniperus saltuaria Rehd. 
& Wils. 

Juniperus distans Florin 

Juniperus squamata Buch.- 
Ham. var. Fargesii Rehd. 
& Wils. 

Juniperus saltuaria Rehd. & 
Wils. 

Picea purpurea Mast. 

Viburnum betulifolium 
Batal. 

Berberis diaphana Maxim. 

Cotoneaster adpressa Bois 

Viburnum betulifolium 
Batal. 


13477. 
13478. 


13479. 


13480. 


13481. 
13482. 
13483. 
13484. 
13485. 


13486. 


13487. 


13488. 
13489. 


13490. 


13491. 


13492. 


13493. 


13494. 
13495. 
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Sorbus Koehneana Schneid. 

Cotoneaster horizontalis 
Decne. 

Sorbus hupehensis Schneid. 
var. aperta (Koehne) 
Schneid. 

Cotoneaster multiflora Bge. 
var. calocarpa Rehd. & 
Wils. 

Aralia chinensis L. var. nuda 
Nakai 

Quercus liaotungensis 
Koidz. 

Cornus macrophylla Wall. 

Tilia chinensis Maxim. 

Virburnum Sargenti Koehne 
var. calvescens Rehd. 

Tilia chinensis Maxim. 

Quercus liaotungensis 
Koidz. 

Acer Maximowiczii Pax 

Acer tetramerum Pax var. 
betulifolium Rehd. 

Clematoclethra lasioclada 
Maxim. 

Acanthopanax Giraldii 
Harms. 

Viburnum Sargenti Koehne 
var. calvescens Rehd. 

Cotoneaster multiflora Bge. 
var. calocarpa Rehd. & 
Wils. 

Sorbus Prattii Koehne 

Caragana frutex K. Koch. 


13495a. Rosa Sweginzowii Koehne 


13496. 
13497. 
13498. 
13499. 


13500. 
13501. 
13502. 
13503. 
13504. 
13505. 
13506. 
13507. 
13508. 
13509. 


Pyrus pashia Ham. 
Malus kansuensis Schneid. 
Malus baccata Borkh. 
Pyrus ussuriensis Maxim. 
var. ovoidea Rehd. 
Crataegus kansuensis Wils. 
Crataegus kansuensis Wils. 
Malus baccata Borkh. 
Celtis Bungeana BI. 
Prinsepia uniflora Batal. 
Ribes Giraldii Jancz. 
Syringa pekinensis Rupr. 
Syringa pekinensis Rupr. 
Evonymus phellomana Loes. 
Lonicera heteroloba Batal. 
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13510. 
135100 


13522: 
13513. 
13514. 
13515. 
13516. 
13517. 


13518. 
13519. 
13520. 


13521. 
13522. 


13523. 


13524. 
13525. 
13526. 
13527. 
13528. 
13529. 
13530. 
13531) 
13532. 
13533. 
13534. 


13935. 
13536. 
13537. 
13538. 


13539. 


13540. 
13541. 
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Daphne Giraldii Nitsche 
Corylus Sieboldiana BI. var. 
mandshurica Schneid. 
Lonicera chrysantha Turcz. 
var. longipes Maxim. 

Ostryopsis Davidiana 
Decne. 

Berberis dasystachya 
Maxim. 

Viburnum mongolicum 
(Pall.) Rehd. 

Lonicera chrysantha Turcz. 
var. longipes Maxim. 
Cotoneaster multiflora Bge. 

Maxim. 

Viburnum glomeratum 

Lonicera Ferdinandi Franch. 

Lonicera chrysantha Turcz. 
var. longipes Maxim. 

Evonymus phellomana Loes. 

Berberis Silva-Taroucana 
Schneid. 

Cotoneaster racemiflora 
K. Koch var. soonga- 
rica Schneid. 

Sorbus Koehneana Schneid. 

Berberis diaphana Maxim. 

Berberis kansuensis Schneid. 

Prunus salicina Lindl. 

Berberis kansuensis Schneid. 

Berberis diaphana Maxim. 

Berberis parvifolia Sprague 

Daphne tangutica Maxim. 

Sorbus tapashana Schneid. 

Caragana jubata Poiret 

Acanthopanax Giraldii 
Harms 

Cotoneaster adpressa Bois 

Ribes Meyeri Maxim. 

Rosa omeiensis Rolfe 

Caragana Maximovicziana 
Komar. 

Malus transitoria (Batal.) 
Schneid. 

Sorbus Prattii Koehne 

Caragana jubata Poiret 


13542. 
13543. 
13544. 


13545. 


13546. 


13547. 
13548. 


13549. 
13550. 


13551. 
13553. 
13554. 


13552: 


13556. 
13557, 
13558. 
13559. 


13560. 
13561. 


13562. 
13563. 
13564. 
13565. 


13566. 
13567. 
13568. 


13569. 


13570. 
13571. 
13572. 
13573. 
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Acer tetramerum Pax var. 
betulifolium Rehd. 

Malus toringoides (Rehd.) 
Hughes 

Malus toringoides (Rehd.) 
Hughes 

Berberis brachypoda 
Maxim. 

Rubus pileatus Focke 

Rosa omeiensis Rolfe 

Cotoneaster acutifolia 
‘Durez, 

Pyrus pashia Ham. 

Lonicera syringantha 
Maxim. 

Lonicera coerulea L. var. 
edulis Reg. 

Rubus idaeus L. var. 
strigosus Maxim. 

Evonymus nanoides Loes. & 
Rehd. 

Prunus tangutica (Batal.) 
Koehne 

Lonicera heteroloba Batal. 

Berberis Vernae Schneid. 

Pyrus pashia Ham. 

Malus toringoides (Rehd.) 
Hughes 

Lycium chinense Mill. 

Berberis dasystachya 
Maxim. 

Caragana brevifolia Komar. 

Sorbus Prattii Koehne 

Berberis parvifolia Sprague 

Malus toringoides (Rehd.) 
Hughes 

Sorbus tapashana Schneid. 

Caragana jubata Poiret 

Malus toringoides (Rehd.) 
Hughes 

Evonymus Giraldii Loes. 
var. ciliata Loes. 

Rosa Sweginzowii Koehne? 

Hippophoé rhamnoides L. 

Daphne tangutica Maxim. 

Rosa Sweginzowii Koehne 


1Under this number two sets of seeds were distributed. One set corresponded to 
the species cited above while the second set proved to be seed of Prunus Padus 
L. var. commutata Dipp. -- 
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13574. 
13575. 
13576. 
135743 


13578. 


13579. 
~ 13580. 


13581. 
13582. 
13583. 


13584. 
13585. 
13586. 
13587. 
13588. 
13589. 
13590. 
13591. 
13592. 
13593. 
13594. 
13595. 
13596. 
13597. 
13598. 


13599. 
13600. 


13601. 
13602. 


13603. 


13604. 
13605. 
13606. 
13607. 
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Berberis diaphana Maxim. 
Rosa omeiensis Rolfe 
Lonicera deflexicalyx Batal. 
Prunus Padus L. var. 
commutata Dipp. 

Lonicera chrysantha Turcz. 
var. longipes Maxim. 

Ribes Meyeri Maxim. 

Lonicera tangutica Maxim. 
var. glabra Batal. 

Rubus amabilis Focke 

Lonicera nervosa Maxim. 

Lonicera thibetica Bur. & 
Franch. 

Lonicera hispida Pall. 

Lonicera heteroloba Batal. 

Ribes Meyeri Maxim. 

Evonymus Przewalskii 
Maxim. 

Lonicera deflexicalyx Batal. 

Sorbus Koehneana Schneid. 

Rosa omeiensis Rolfe 

Rosa Willmottiae Hemsl. 

Lonicera szechuanica Batal. 

Paeonia anomala L. 

Spiraea gemmata Zab. 

Sibiraea laevigata Maxim. 
var. angustata Rehd. 

Rhododendron capitatum 
Maxim. 

Rhododendron anthropogo- 
noides Maxim. 

Rhododendron thymifolium 
Maxim. 

Rhododendron rufum Batal. 

Rhododendron capitatum 
Maxim. 

Rhododendron rufum Batal. 

Hydrangea Bretschneideri 
Dipp. 

Philadelphus pekinensis 
Rupr. var. kansuensis 
Rehd. 

Hydrangea Bretschneideri 
Dipp. 

Rhododendron capitatum 
Maxim. 

Lilium tenuifolium Fisch. & 
Mey. 

Acer caudatum Wall. var. 
multiserratum Rehd. 


13608. 
13609. 
13610. 
13611. 
13612. 
13613. 


13614. 
13615. 


13616. 
13617. 


13618. 
13619. 
13620. 


13621. 
13622. 


13624. 
13625. 
13626. 
13627. 


13628. 
13629. 


13630. 
13631. 


13632. 
13633. 
13634. 
13635. 
13636. 
13637. 
13638. 
13639. 


13640. 
13641. 
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Rhamnus leptophylla 
Schneid. var. scabrella 
Rehd. 

Arctous ruber Nakai 

Rhododendron anthopogo- 
noides Maxim. 

Rhododendron capitatum 
Maxim. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron rufum Batal. 

Clematis brevicaudata DC. 

Clematis tangutica Korsh. 
var. obtusiuscula Rehd. & 
Wils. 

Betula albo-sinensis Burk. 

Buddleia alternifolia 
Maxim. 

Lilium Duchartrei Franch. 

Primula tangutica Duthie. 

Meconopsis quintuplinervia 
Reg. 

Betula albo-sinensis Burk. 

Rhododendron capitatum 
Maxim. 

Clematis Fargesii Franch. 

Anemone narcissiflora L. 

Anemone Rockii Ulbrich 

Meconopsis racemosa 
Maxim. 

Rhododendron rufum Batal. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron rufum Batal. 

Primula ? chionantha Balf. f. 
& Forrest. 

Meconopsis psilonomma 
Farrer 

Primula? optata Balf. f. & 
Farrer ~_ 

Rhododendron capitatum 
Maxim. 

Rhododendron capitatum 
Maxim. 

Rhododendron anthopogo- 
noides Maxim. 

Iris ensata Thunb. 

Caragana densa Komar. 

Primula flava Maxim. 

Rhododendron rufum Batal. 

Betula albo-sinensis Burk. 
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13642. 
13643. 
13644. 
13645. 
13646. 


13647. 
13648. 


13649. 
13650. 
13651. 


13652. 
13653. 


13654, 


13655. 
13656. 


13657. 
13658. 
13659. 


13670. 
13671. 
13672. 
13673. 
13674. 


13675. 
13676. 


13677. 


13678. 
13679. 


13680. 
13681. 
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Meconopsis punicea Maxim. 

Rhododendron rufum Batal. 

Betula japonica Sieb. var. 
szechuanica Schneid. 

Rhododendron rufum Batal. 

Betula albo-sinensis Burk. 

Rhododendron rufum Batal. 

Betula albo-sinensis 
Burk. var. septen- 
trionalis Schneid. 

Rhododendron rufum Batal. 

Rhododendron rufum Batal. 

Meconopsis integrifolia 
Franch. 

Primula polyneura Franch. 

Incarvillea compacta 
Maxim. 

Primula limbata Balf. f. & 
Forrest 

Primula tangutica Duthie 

Primula chionantha Balf. f. 
& Forrest | 

Betula japonica Sieb. var. 
szechuanica Schneid. 

Primula ? Woodwardii 
Balfst 

Philadelphus pekinensis 
Rupr. var. kansuensis 
Rehd. 

Sorbaria arborea Schneid. 
var. glabrata Rehd. 

Hydrangea Bretschneideri 
Dipp. 

Potentilla fruticosa L. var. 
parvifolia Wolf 

Potentilla fruticosa L. var. 
dahurica Ser. 

Rhododendron capitatum 
Maxim. 

Rhododendron rufum Batal. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron rufum Batal. 

Rhododendron Przewalskii 
Maxim. 

Rhododendron rufum Batal. 

Rhododendron Przewalskii 
Maxim. ; 
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. Rhododendron rufum Batal. 
. Rhododendron rufum Batal. 
. Rhododendron rufum Batal. 
. Rhododendron Przewalskii 


Maxim. 


. Rhododendron Przewalskii 


Maxim. 


. Philadelphus pekinensis 


Rupr. var. kansuensis 
Rehd. 


. Rhododendron capitatum 


Maxim. 
Spiraea alpina Pall. 


. Spiraea longigemmis 


Maxim. (pubescent 
form) 


. Rhododendron rufum Batal. 
. Rhododendron rufum Batal. 
. Rhododendron rufum Batal. 
. Rhododendron Przewalskii 


Maxim. 


. Rhododendron Przewalskii 


Maxim. 


. Rhododendron rufum Batal. 
. Rhododendron rufum Batal. 
. Syringa microphylla Diels 

. Picea asperata Mast. 

. Berberis parvifolia Sprague 
. Juniperus glaucescens Florin 
. Juniperus tibetica Komar. 

. Picea asperata Mast. 

. Prinsepia uniflora Batal. 

. Prunus salicina Lindl. 

. Cotoneaster multiflora Bge. 
. Rhamnus leptophylla 


Schneid. 


. Cornus macrophylla Wall. 
. Meliosma cuneifolia Franch. 
. Aralia chinensis L. var. 


nuda Nakai 


. Betula japonica Sieb. var. 


szechuanica Schneid. 


. Lonicera deflexicalyx Batal. 
. Lonicera chrysantha Turcz. 


var. longipes Maxim. 


. Lonicera Ferdinandi 


Franch. 


. Cotoneaster multiflora Bge. 
. Crataegus kansuensis Wils. 


f. aurantiaca Wils. 


=~ 
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14804. 
14805. 


14806. 


14807. 
14810. 
14816. 
14823. 


14825. 


14829. 
14834. 


14857. 
14860. 


14864. 
14866. 


14875. 
14876. 
14877. 
14882. 
14883. 


14888. 
14889. 
14890. 
14891. 


14892. 
14893. 


14894. 
14895, 
14896. 
14897. 
14898. 


14899. 
14900. 
14901. 
14902. 
14903. 
14905. 
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Berberis kansuensis Schneid. 
Betula japonica Sieb. var. 
szechuanica Schneid. 
Cotoneaster nitens Rehd. & 
Wils. 
Pyrus pashia Ham. 
Lonicera szechuanica Batal. 
Pyrus pashia Ham. 
Betula albo-sinensis 
Burk. var. septen- 
trionalis Schneid. 
Aralia chinensis L. var. 
nuda Nakai 
Cotoneaster Zabeli Schneid. 
Cotoneaster obscura Rehd. 
& Wils. var. cornifolia 
Rehd. & Wils. 
Prunus pubigera Koehne 
var. Prattii Koehne 
Aconitum volubile Pall. var. 
flexuosus Rchb. 
Juniperus distans Florin 
Acanthopanax Giraldii 
Harms 
Juniperus distans Florin 
Lonicera nervosa Maxim. 
Ribes Vilmorini Jancz. 
Rosa Sweginzowii Koehne 
Prunus pubigera Koehne 
var. Prattii Koehne 
Berberis Vernae Schneid. 
Prunus tangutica Koehne 
Lonicera heteroloba Batal. 
Lonicera deflexicalyx 
Batal. 
Rosa Willmottiae Hemsl. 
Prunus Padus L. var. 
commutata Dipp. 
Daphne tangutica Maxim. 
Rubus amabilis Focke 
Rosa Sweginzowii Koehne 
Cotoneaster multiflora Bge. 
Berberis Mouillacana 
Schneid. 
Berberis kansuensis Schneid. 
Rosa omeiensis Rolfe 
Podophyllum emodi Wall. 
Sorbus Prattii Koehne 
Rosa Sweginzowii Koehne 
Cotoneaster multiflora Bge. 


14906. 


14907. 
14908. 
14909, 
14910. 
14911. 
14912. 
14913. 


14914. 
14915. 
14916. 


14917. 
14918. 
14919. 


14920. 


14922. 
14923. 


14924. 
14925. 


14926. 


14927. 
14928. 
14929. 


14930. 


14931. 


14933. 
14938. 
14939. 
14940. 
14941. 


14942. 
14943. 
14944, 
14945. 


14946. 


Lonicera Ferdinandi 
Franch. 

Rosa Sweginzowii Koehne 

Crataegus kansuensis Wils. 

Prunus salicina Lindl. 

Malus transitoria Schneid. 

Berberis parvifolia Sprague 

Rosa Willmottiae Hemsl. 

Berberis Silva-Taroucana 
Schneid. 

Cotoneaster multiflora Bge. 

Berberis Vernae Schneid. 

Betula japonica Sieb. var. 
szechuanica Schneid. _ 

Crataegus kansuensis Wils. 

Malus kansuensis Schneid. 

Sorbus Prattii Koehne 

Primula ? chionantha Balf. 
f. & Forrest forma 

Malus transitoria Schneid. 

Malus toringoides (Rehd.) 
Hughes 

Pyrus pashia Ham. 

Malus kansuensis X 
toringoides Rehd. 

Philadelphus pekinensis 
Rupr. var. kansuensis 
Rehd. 

Rosa Sweginzowii Koehne 

Rhododendron rufum Batal. 

Abies Faxoniana Rehd. & 
Wils. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Caragana jubata Poiret 

Malus kansuensis Schneid. 

Crataegus kansuensis Wils. 

Quercus Baronii Skan 

Quercus liaotungensis 
Koidz. 

Quercus Baronii Skan 

Berberis Vernae Schneid. 

Rosa Willmottiae Hemsl. 

Clematoclethra lasioclada 
Maxim. 

Acer Maximowiczii Pax 
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14947. 
14948. 


14949. 


14950. 
14951. 


14952. 
14953. 
14954. 
14955. 
14956. 
14957. 
14958. 
14959. 
14960. 
14964. 
14965. 
14966. 
14967. 
14968, 
14969. 
14970. 


14971. 


14972. 
14973. 
14974. 


14975. 
14976. 


14977. 
14978. 


14979. 
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Ribes moupinense Franch. 
var. tripartitum Jancz. 

Philadelphus pekinensis 
Rupr. var. kansuensis | 
Rehd. 

Acer tetramerum Pax var. 
betulifolium Rehd. 

Quercus Baronii Skan. 

Juniperus chinensis L. var. 
pendula Franch. 

Juniperus chinensis L. 

Ribes Giraldii Jancz. 

Lonicera Ferdinandi 
Franch. 

Evonymus nanoides Loes. & 
Rehd. 

Crataegus kansuensis Wils. 

Prinsepia uniflora Batal. 

Sageretia theezans Brongn. 

Quercus liaotungensis 
Koidz. 

Lonicera Ferdinandi 
Franch. 

Picea Wilsonii Mast. 

Caragana tangutica Maxim. 

Betula albo-sinensis 
Burk. var. septen- 
trionalis Schneid. 

Quercus liaotungensis 
Koidz. 

Cornus macrophylla Wall. 

Betula albo-sinensis 
Burk. var. septen- 
trionalis Schneid. 

Clematoclethra lasioclada 
Maxim. 

Viburnum betulifolium 
Batal. f. aurantiacum 
Rehd. 

Cotoneaster adpressa Bois 

Caragana densa Komar. 

Quercus liaotungensis 
Koidz. 

Picea Wilsonii Mast. 

Hydrangea Bretschneideri 
Dipp. 

Lonicera nervosa Maxim. 

Evonymus alata Reg. var. 
aperta Loes. _ 

Rubus pileatus Focke 


14980. 
14981. 


14982. 
14983. 


14984. 


14985. 


14986. 


14987. 
14988. 


14989. 
14990. 


14991. 


14992. 


14993. 
14994. 
14995. 
14996. 
14997. 
14998. 
14999. 
15000. 


15001. 
15002. 


15003. 


15004. 
15005. 


15006. 


15007. 
15008. 
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Cotoneaster lucida Schlecht. 

Cotoneaster nitens Rehd. & 
Wils. 

Spiraea Wilsonii Duthie 

Acanthopanax Giraldii 
Harms 

Acer tetramerum Pax var. 
betulifolium Rehd. 

Clematoclethra integrifolia 
Maxim. 

Viburnum glomeratum 
Maxim. 

Sorbus Koehneana Schneid. 

Rosa Sweginzowii Koehne 

Abies Faxoniana Rehd. & 
Wils. 

Sorbus hupehensis Schneid. 
var. aperta (Koehne) 

_,Schneid. 

Hippophoé rhamnoides L. 

Cotoneaster multiflora Bge. 
var. calocarpa Rehd. & 
Wils. 

Lonicera chrysantha Turcz. 
var. longipes Maxim. 

Koelreuteria paniculata 
Laxm. 

Quercus Baronii Skan 

Exochorda Giraldii Hesse 

Acer tetramerum Pax var. 
betulifolium Rehd. 

Acer Maximowiczii Pax 

Tilia chinensis Maxim. 

Acer pictum Thbg. var. 
parviflorum Schneid. 

Tilia chinensis Maxim. 

Quercus liaotungensis 
Koidz. 

Viburnum glomeratum 
Maxim. var. Rockii 
Rehd. 

Rhododendron micranthum 
Turez. 

Hydrangea Bretschneideri 
Dipp. var. glabrescens 
Rehd. 

Wikstroemia chamaedaphne 
Meisn. 

Clematis fruticosa Turcz. 

Clematis aethusifolia Turcz. 
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15009. 
15010. 
15011. 


15012. 
15013. 


15014. 
15015. 


15016. 
15017. 


15018. 
15019. 
15020. 
15021. 
15022. 
15023. 
15024. 
15025. 
15026. 
15028. 
15029. 
15030. 


15031. 
15032. 


15033. 
15034. 
15035. 
15036. 


15037. 
15038. 


15039. 


Abies Faxoniana Rehd. & 
Wils. 
Acer caudatum Wall. var. 
multiserratum Rehd. 
Viburnum betulifolium 
Batal. 
Buddleia albiflora Hemsl. 
Viburnum betulifolium 
Batal. 
Rhododendron rufum Batal 
Clematoclethra lasioclada 
_ Maxim. 


Hydrangea longipes Franch. 


Betula japonica Sieb. var. 
szechuanica Schneid. 
Betula japonica Sieb. var. 
szechuanica Schneid. 
Pinus Armandi Franch. 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Picea Wilsonii Mast. 


Lonicera chrysantha Turcz. 


var. longipes Maxim. 

Acanthopanax leucorrhizus 
Harms 

Sorbus hupehensis Schneid. 
var. aperta (Koehne) 
Schneid. 

Sorbus Koehneana Schneid. 

Actinidia tetramera Maxim. 

Viburnum betulifolium 
Batal. 

Berberis brachypoda 
Maxim. 

Quercus liaotungensis 
Koidz. 

Acer Maximowiczii Pax 

Acer tetramerum Pax. var. 
betulifolium Rehd. 

Acer Davidi Franch. 

Tilia chinensis Maxim. 

Jasminum humile L. 

Syringa oblata Lindl. var. 
Giraldii Rehd. 

Quercus Baronii Skan 

Ligularia yesoensis Franch. 
var. sutchuensis Franch. 

Hydrangea Bretschneideri 
Dipp. var. glabrescens 
Rehd. 


15040. 


15041. 
15042. 
15043. 
15044. 


15045. 
15046. 


15047. 
15048. 
15049. 
15050. 


15051. 


15052. 
15053. 
15054. 
15055. 
15056. 
15058. 


15059. 
15060. 


15061. 
15062. 
15063. 


15064. 
15065. 
15066. 


15067. 
15068. 
15069. 
15070. 
15071. 
15072. 
15073. 


15074. 
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Acer caudatum Wall. var. 
multiserratum Rehd. 

Acer Maximowiczii Pax 

Tilia chinensis Maxim. 

Pyrus pashia Ham. 

Abies Faxoniana Rehd. & 
Wils. 

Picea asperata Mast. 

Philadelphus pekinensis 
Rupr. var. kansuensis 
Rehd. 

Acer Maximowiczii Pax 

Picea Wilsonii Mast. 

Spiraea uratensis Franch. 

Rhamnus leptophylla 
Schneid. 

Acer tetramerum Pax var. 
betulifolium (Maxim.) 
Rehd. 

Tilia chinensis Maxim.. 

Acer Grosseri Pax 

Pyrus pashia Ham. 

Aster Limprichtii Diels 

Indigofera Bungeana Walp. 

Syringa oblata Lindl. var. 
Giraldii (Sprenger) 
Rehd. 

Exochorda Giraldii Hesse 

Ailanthus altissima (Mill.) 
Swingle 

Caragana densa Komar. 

Caragana tangutica Maxim. 

Syringa oblata Lindl. var. 
Giraldii (Sprenger) 
Rehd. 

Picea Wilsonii Mast. 

Picea asperata Mast. 

Juniperus squamata Buch.- 
Ham. var. Fargesii Rehd. | 
& Wils.~ 

Smilax rubriflora Rehd. 

Picea Wilsonii Mast. 

Tilia chinensis Maxim. 

Syringa pekinensis Rupr. 

Buddleia albiflora Hemsl. 

Evonymus phellomana Loes. 

Quercus liaotungensis 
Koidz. 

Malus toringoides (Rehd.) 
Hughes 
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15075. 
15076. 
15077. 


15078. 
15079. 


15080. 
15081. 
15082. 
15083. 
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Quercus liaotungensis 
Koidz. 

Philadelphus pekinensis 
Rupr. var. kansuensis 
Rehd. 

Pertya sinensis Oliver 

Lonicera Ferdinandi Franch, 

Abies sutchuenensis 
(Franch.) Rehd. & 
Wils. 

Picea asperata Mast. 

Abies Faxoniana Rehd. & 
Wils. 

Abies Faxoniana Rehd. & 
Wils. 

Betula albo-sinensis Burk. 
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15084. 
15085. 


15086. 
15087. 
15088. 
15089. 
15090. 
15091. 
15092. 
15093. 


15094. 
15095. 
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Abies Faxoniana Rehd. & 
Wils. 

Aralia chinensis L. var. 
nuda Nakai 

Picea Wilsonii Mast. 

Abies recurvata Mast. 

Abies recurvata Mast. 

Picea Wilsonii Mast. 

Pyrus pashia Ham. 

Picea Wilsonii Mast. 

Picea asperata Mast. 

Juniperus squamata Buch.- 
Ham. var. Fargesii Rehd. 
& Wils. 

Lycium chinense Mill. 

Bocconia spec. 


1933] GUILLAUMIN, FLORA OF THE NEW HEBRIDES 53 


CONTRIBUTION TO THE FLORA OF THE NEW HEBRIDES 
PLANTS COLLECTED BY S. F. KAJEWSKI IN 1928 AND 1929 
SUPPLEMENT! 


A. GUILLAUMIN 


MENISPERMACEAE 

Pycnarrhena sp. 

Banks Group: Vanua Lava Island, rain-forest, sea level, no. 
410, July 5, 1928 (vine growing on rain-forest trees; fruit orange 
when ripe). 

The eastern limit of this genus had been until now New Guinea and 
Queensland. 

CAPPARIDACEAE 


Capparis sp. aff. C. artensis Montr. (Art Island) vel C. subacuta 
Mig. (Borneo). 

E fate: Undine Bay, common at sea level, no. 228, April 28, 1928 
(vine climbing on top of trees; fruit purple when ripe). 


FLACOURTIACEAE 


Flacourtia sp. (teste E. D. Merrill). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 120 
m., no. 812, Feb. 23, 1929 (large tree up to 18 m. high; fruit yellow 
when ripe). 

Xylosma sp. aff. X. lifuana Guillaumin (Loyalty Islands). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 60 m., 
no. 745, Feb. 12, 1929 (small tree up to 6 m. high; flowers greenish 
yellow). 

PITTOSPORACEAE 


Pittosporum naruaiao Guillaumin, sp. nov. 

Arbor, trunco 1 m. diam., ramis gracilibus fulvis, foliis ad ramulorum 
apicem confertis lanceolatis (usque ad 14 cm. X 3 cm.) apice acutis 
acuminatisve basi cuneatis membranaceis, nervis parum conspicuis, 
petiolo gracili 1-2 cm. longo. Inflorescentiae umbellatae, 2-2.5 cm. 
longae, pedunculo rufo-puberulo, bracteis parvis triangularibus extra 
rufo-puberulis, pedicellis 5 mm. longis rufo-puberulis, floribus albis 
(tantum in alabastris 3 mm. longis), calyce glabro campanulato 1 mm. 
longo, lobis ovatis tubo 2-plo brevioribus, petalis ovatis 1.7 mm. longis, 
staminibus petalis fere aequilongis, filamentis antheris 2-plo brevioribus 


1See Vol. x11. 221-264, x1. 1-29, 81-126 for the preceding parts, 
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complanatis ovatis, antheris linearibus apice apiculatis, ovario turbinato 
staminibus fere aquilongo. Fructus rubri (4 cm. x 2.5 cm.) 

Aneit yum: west side, Nowhow, common in rain-forest, alt. 600 
m., no. 1004 (coll. J. P. Wilson), Sept. 1929 (large tree, up to 1 m. in 
diameter; flowers white; fruit red). Vernacular name “Naruaiao.” 


GUTTIFERAE 
Garcinia sp. 
E fate: Undine Bay, common in rain-forest, alt. 100 m., no. 213, 
April 26, 1928 (tree 15 m. high; fruit orange). 


TERNSTROEMIACEAE 

Eurya japonica Thunberg, Nov. Gen. 67 (1781). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 60 m., 
no. 747, Feb. 12, 1929 (small tree up to 6 m. high; petals white; fruit 
black when ripe). Tanna: Mt. Tokosh Meru, common in rain- 
forest, alt. 300 m., no. 153, March 15, 1928 (tree up to 15 m. high) .— 
Already found on Aneityum, (MacGillivray 58)* also in the Fiji, Caro- 
line and Palau Islands and in Malaysia. 


STERCULIACEAE 

Kleinhovia hospita Linnaeus, Sp. Pl. ed. 2, 1365 (1763). 

E fate: Undine Bay, common in rain-forest at sea-level, no. 199, 
April 24, 1928 (shade tree with dense leaves 15-20 m. high; flowers 
pink ).—Already found on Aneityum and Efate; also Fiji, Society, Solo- 
mon and Bismarck Islands, New Guinea and Malaysia. 


ELAEOCARPACEAE 
Elaeocarpus sp. i 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 300 m., 
no. 938. March 17, 1929 (medium sized tree up to 15 m. high). 


BURSERACEAE 

Canarium aneityense Guillaumin, sp. nov. 

Arbor magna, foliis usque ad 28 cm. longis, foliolis 3-5 ovatis apice 
longe caudato-acuminatis basi obtusis rotundatis truncatisve rigidis, 
nervis 7-jugis, petiolulis terminali 4 cm., lateralibus 2 cm. longis apice 
tumidis, petiolo 3.5-6 cm. longo, stipulis ?. Inflorescentiae ad apicem 
axillares, paniculatae, 13 cm. longae, ramis gracilibus inferioribus 8 cm. 
longis, floribus albo-viridibus, ¢ minutis, pedicello 2-3 mm. longo 
medio articulato basi minute bracteolato, sepalis ovato-triangularibus 
2 mm. longis, petalis ovatis aequilongis, staminibus filamentis brevissi- 


1Not mentioned in my ‘Liste des plantes connues [des Nouvelles Hebrides] in 
Bull. Soc. Bot. France, txx1v (1927). 
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mis, antheris petalis 2-plo brevioribus, disco annulari, pistillodio mi- 
nimo, stylo terete brevi. 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 150 m., 
no. 943; March 19, 1929 (large tree; flowers green-white) —Valuable 
cabinet wood; vernacular name “Inyat.” . 


MELIACEAE 
Melia Azedarach Linnaeus, Sp. Pl. 384 (1753). 
Aneityum: Anelgauhat Bay, common in rain-forest at sea level, 
no. 897, March 11, 1929 (large tree up to 18 m. high; fruit red when 
ripe).—Vernacular name “White Cedar.” 


DICHAPETALACEAE 

Dichapetalum sp. aff. D. missionum Krause (Bismarck Islands) vel 
D. validum Krause (New Guinea). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 300 
m., no. 763, Feb. 14, 1929 (vine climbing up rain-forest trees; fruit 
brown when ripe). 

OLACACEAE 

Ximenia americana Linnaeus, Sp. Pl. 1193 (1753). 

Aneityum: Anelgauhat Bay, common along sea shore at sea 
level; no. 797, Feb. 21, 1929 (rambling tree growing to the height of 
4.5 m.; fruit yellow when ripe, with almond taste).—Also in New Cale- 
donia, Loyalty, Fiji, Society and Mariana Islands, New Guinea, Aus- 
tralia (Queensland) and Malaysia.. 


AQUIFOLIACEAE 

Tlex sp. aff. I. peduncularis F. Muell. (Queensland). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 60 m., 
no. 746, Feb. 12, 1929 (large tree up to 18 m. high; fruit red when 
ripe). 

HIPPOCRATEACEAE 

Salacia aneityensis Guillaumin, sp. nov. 

Scandens, glaberrimus etiam novellis, foliis atro-viridibus subdis- 
coideis (usque ad 11 cm. x 8 cm.) apice rotundatis vel obtusissimis basi 
brevissime subitoque cuneatis integerrimis membranaceis, nervis 5-7- 
jugis tenuibus subtus prominulis, petiolo 1 cm. longo. Flores fascicu- 
lati, pedunculo 6 mm. longo, sepalis ovato-triangularibus vix 0.5 mm. 
longis, petalis ovatis fere 1.5 mm. longis brevissime unguiculatis, disco 
crasso conico sepalis altiore, staminibus filamentis complanatis brevi- 
bus, antheribus transverse ovatis transversaliter dehiscentibus filamen- 
tis vix longioribus, ovario conico, disco fere continuo et in stylum 
sensim attenuato, loculis 3, 2-ovulatis. Fructus obovati (7.5 cm. X 
1 cm.), 2-loculares. 
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Aneityum: Anelgauhat Bay, common in rain-forest, at sea 
level, no. 853, March 4, 1929 (vine growing on rain-forest trees; leaves 
dark green; petals light green). 

Related to S. prinoides DC. of Malaysia, New Guinea, Bismarck and 
Solomon Islands, but the leaves are different. 


SAPINDACEAE 


Pometia pinnata Forster, Char. Gen. 110 (1776). 

Tanna: Lenakel, common in heavy rain-forest soil at sea level, 
no. 19, Feb. 21, 1928 (tree up to 15 m. high; fruit brown when ripe). — 
Already found on Tanna; also Fiji, Samoa, Marshall and Bismarck 
Islands, New Guinea and Malaysia. 

Cupaniopsis aneityensis Guillaumin, sp. nov. 

Arbor, ramis lepidotis, foliis 5-foliatis, jugis disjunctis, petiolo 3-4 
cm. longo, foliolis lanceolatis (usque ad 8 cm. x 3 cm.) apice attenuatis 
basi asymmetrice cuneatis coriaceis vel chartaceis, nervis lateralibus 
7-11-jugis, tenuibus, venis subtus densissime reticulatis, petiolulo 6-10 
mm. longo; thyrsi ad apicem axillares, usque ad 20 cm. longi, dense 
lepidoti, densiflori, alabastris globosis dense lepidotis, floribus 2 mm. 
longis pedicello aequilongo suffultis, bracteis triangularibus minimis, 
sepalis 5 ovato-triangularibus extra lepidotis intus glabris, petalis mini- 
mis sepalis brevioribus cuneatis apice leviter emarginatis ciliolatisque, 
disco 5-glanduloso glabro, staminibus 2 mm. longis, filamentis dimidio 
inferiore pilosis superiore glaberrimis, antheris ovatis, germinis rudi- 
mento tereti apice rufo-penicillato. 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 275 
m., no. 827 pro parte (Typus) Feb. 28, 1929 (medium-sized tree 12 m. 
high); same locality, common in rain-forest, alt. 100 m., no. 742 Feb. 
12, 1929 (large tree, 20 m. high). 

Harpullia arborea Radlkofer in Sitzb. Math.-Phys. Cl. Akad. 
Muench. xx. 278 (1890). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 150 
m., no. 939, March 17, 1929 (large tree up to 15 m. high; petals white; 
calyx brown, hairy).—Already recorded from Tanna; also Samoa, Fiji 
and Solomon Islands and Malaysia. 

Elattostachys vitiensis Radlkofer in Sitzb. Math.-Phys. Cl. Akad. 
Muench. 1x. 602 (1879). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 240 m., 
no. 827 in part, Feb. 28, 1929 (medium sized tree up to 12 m. high). 
Eromanga: Dillon Bay, common in rain-forest at sea level, no. 
356, June 3, 1928 (large tree up to 25 m. high; petals red).—vVer- 
nacular name “Ne-el-lar-ru.” 
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ANACARDIACEAE 


Spondias dulcis Forster, Fl. Ins. Austr. Prodr. 34 (1786). 

Eromanga: Dillon Bay, common in rain-forest at sea level, no. 
311, May 26, 1928 (large tree about 25 m. high; fruit used for jam- 
making).—Also Fiji, Samoa, Society and Bismarck Islands, New 
Guinea and Malaysia.—Vernacular name “Nevie.”’ 

Dracontomelum vitiense ? Engler in De Candolle, Monog. Phan. 
Iv. 253 (1883). 

T anna: Lenakel, common in rain-forest at sea level, no. 22, Feb. 
21, 1928 (tree up to 12 m. high; leaves dark green). Eromanga: 
Dillon Bay, common in rain-forest at sea level, no. 244, May 14, 1928 
(tall tree up to 20 m.; fruit brownish yellow when ripe).—Vernacular 
name ‘‘Nar-ah.” 

Dracontomelum vitiense Engl. has been already found on Efate. 


LEGUMINOSAE 


Ormocarpum cochinchinense (Lour.) Merrill in Philipp. Jour. Sci. 
v. 76 (1910). 
Ormocarpum sennoides De Candolle, Prodr. 11. 315 (1825). 
Aneityum: Anelgauhat Bay, common along sea shore at sea 
level, no. 929, March 17, 1929 (small tree up to 6 m. high; flowers 
white with purple veins).—Also in Australia (Queensland), New Cale- 
donia, Bismarck Islands, New Guinea and Malaysia. 


GYROCARPACEAE 


Gyrocarpus americanus Jacquin, Select. Stirp. Am. Hist. 362 
(1788). 

Eromanga: Dillon Bay, common in rain-forest at sea level, no. 
371, June 5, 1928 (large tree 25 m. high; wood soft, used for canoe- 
making).—Already found on the Torres Islands; also in New Cale- 
donia, Fiji and Society Islands, Australia (Queensland, North Aus- 
tralia) and Malaysia—Vernacular name “‘Nep-bleb-le.” 


MYRTACEAE waa 

Eugenia sp. 

Aneityum: Anelgauhat Bay, common along sea shore at sea 
level, no. 787, Feb. 20, 1929 (small tree up to 6 m. high, stunted, 
gnarled; leaves affected by salt water; fruit dark deep red when ripe, 
2-50 in a bunch). 

CORNACEAE 


Alangium vitiense (A. Gray) Baillon ex Harms, Engler & Prantl, 
Nat. Pflanzenfam. 11.-8. 262 (1898). 
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Aneityum: Anelgauhat Bay, common in rain-forest, alt. 300 
m., no. 770, Feb. 14, 1929 (large tree up to 12 m. high; leaves dark 
glossy green; flowers yellow, sweetly scented). 

The plant from Aneityum differs from that of the Fiji Islands and 
of the west coast of Australia in the much larger leaves and particularly 
in the filaments being nearly three times shorter than the anthers. 


RUBIACEAE 


Dolicholobium aneityense Guillaumin in Jour. Arnold Arb. x11. 
2 (1932). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 240 
m., no. 767, Feb. 14, 1929 (plant up to 1.8 m. high; flowers white).— 
Already reported from Aneityum. 

‘Psychotria sp. 

Banks Group: Vanua Lava Island, common in rain-forest, 
alt. 30 m., no. 413, June 5, 1928 (small tree up to 10 m., growing in 
shade of larger trees; fruit red when ripe). 


MYRSINACEAE 


Maesa banksiana Guillaumin, sp. nov. 

Arbor parva, 8 m. alta, ramis gracilibus rubris glaberrimis, foliis 
ovatis vel ovato-lanceolatis (circa 14 cm. x 7 cm.) membranaceis apice 
basique acutis integris discoloribus in sicco supra brunneis subtus 
viridibus, nervis 6-jugis brunneo-rubris haud vel vix prominentibus, 
petiolo 1.5-3 cm. longo. Inflorescentiae axillares, 2-2.5 cm. longae, race- 
mosae, erecto-patulae, glabrae, floribus subsessilibus, bracteis lanceo- 
latis minimis margine leviter erosis, bracteolis ovato-triangularibus 
margine leviter erosis 0.5 mm. longis receptaculum haud formantibus, 
sepalis 5 liberis triangularibus acutis margine leviter erosis 0.75 mm. 
longis inconspicue punctatis, petalis 5 fere usque ad medium connatis 
ovatis apice rotundatis fere 1 mm. longis haud punctatis nec lineolatis, 
staminibus petalorum tertiam supremam partem attingentibus, an- 
theris late ovatis filamentis vix longioribus, ovario ovoideo, stylo tereti, 
stigmate rotundato. 

Banks Group: Vanua Lava Island, common in rain-forest, 
alt. 300 m., no. 456, July 12, 1928 (small tree up to 8 m. high). 

In the key given by Mez (in Engler, Pflanzenr. 1v.-236, p. 23) this 
new species should be placed beside M. denticulata Mez of the Phil- 
ippine Islands. 

OLEACEAE 


Ligustrum neo-ebudicum Guillaumin, sp. nov. 
Arbor magna, 20 m. alta, ramis pallide fulvis rugose lenticellatis, 
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foliis ovatis (usque ad 10 cm. x 4 cm.) basi cuneatis apice longe 
saepeque falcatim acuminatis subcoriaceis, nervis 8-10-jugis tenuibus, 
venis immersis, petiolo circa 1.5 cm. longo. Paniculae ad apicem 
axillares, ad 5 cm. longae, minute puberulae, floribus pedicello brevi 
(0.5 mm.) basi bractea 1 apice 2 ad apicem minute puberulis munito, 
calyce dentibus 4 triangularibus acutis margine minutissime puberulis, 
petalis albis 1.5 mm. longis ovatis quarta inferiore parte connatis, 
staminibus filamentis brevissimis corollae tubo vix aequilongis, an- 
theris ovato-linearibus apice truncato rotundatis nigroque punctatis, 
ovario ovoideo minimo stylo aequilongo, stigmate capitato. 

Aneityum: Anelgauhat Bay, alt. 300 m., rain-forest, common, 
no. 762, Feb. 14, 1929 (large tree up to 18 m. high; petals white). 

Near L. novo-guineense Lingelsh. of New Guinea, but differs in the 
calyx and particularly in its stamens with very short filaments and not 
apiculate anthers. 

Linociera ? ramiflora Wallich, Cat. 2824 (1831), nomen.—De Can- 
dolle, Prodr. vitt. 297 (1844). | 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 300 
m., no. 765, Feb. 14, 1929 (large tree up to 18 m. high; leaves dark 
glossy green; petals white); same locality, alt. 210 m., no. 823, Feb. 
28, 1929 (leaves light yellow-green; petals pink-white). 

The plant of Aneityum differs from that of New Guinea, Queens- 
land and Malaysia in the petals which elongate after the opening of 
the flower and attain finally a length of 5 mm. before dropping. 


MYRISTICACEAE 


Myristica inutilis Richard apud A. Gray, Bot. U. S. Expl. Exped. 
1. 34 (1854). 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 60 
m., no. 757, Feb. 13, 1929 (large tree up to 18 m. high; leaves golden 
brown below; fruit golden brown). Tanna: Lenakel, common in 
rich rain-forest soil, alt. 60 m., no. 44, Feb. 24, 1928 (tree 15 m. high, 
25 cm. in diam.; leaves brown below). Efate: Undine Bay, com- 
‘mon in rain-forest, alt. 60 m., no. 220, April 27, 1928 (tree 12-15 m. 
high; leaves brown below; fruit brown).—Also in the Samoa and 
Tonga Islands. 

LAURACEAE 


Cryptocarya tannaensis Guillaumin, sp. nov. 

Arbor ultra 15 m. alta, cortice brunneo griseo-maculato, ramis pri- 
mum rufo-puberulis deinde glabris in sicco nigris, foliis ovatis (usque 
ad 10 cm. x 5 cm.) apice acutis basi cuneatis leviter rigidis, glaberri- 
mis, nervis lateralibus 5, venis densissime reticulatis, petiolo circa 1 
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cm. longo. Paniculae 2 cm. longae, axillares terminalesve, ramis pedi- 
cellisque rufo-puberulis; flores pedicello brevissimo (1 mm.) apice 
bracteolato, perianthii tubo campanulato lobis fere aequilongo extra 
puberulo intus glabro, lobis 6 ovatis extra puberulis intus densius 
pilosis, staminibus generis, filamentis breviter ut connectivo hirsutis, 
antheris ovato-triangularibus obtusis filamentis vix longioribus, stami- 
nodiis brevius stipitatis acutis, ovario elongato glabro, stylo tereti 
antherarum apicem attingente. 

Tanna: Lenakel, common in rich rain-forest at sea-level, no. 18, 
Feb. 21, 1928 (tree up to 15 m. high; bark brown with round grey 
spots). 

Litsea ? sp. 

Tanna: Lenakel, rain-forest, not common, alt. 30 m., no. 140, 
March 8, 1928 (small tree about 7 m. high; flowers white). 


EUPHORBIACEAE, 


Glochidion sp. aff. G. manono Baill. of the Fiji and Society Islands. 

Aneityum: Anelgauhat Bay, common in the country, in poor 
red soil, alt. 15 m., no. 700, Feb. 4, 1929 (small tree up to 8 m. high; 
leaves light yellow-green; petals yellow). 

Baccaurea sp. 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 60 
m., no. 752, Feb. 12, 1929 (large tree up to 12 m. high; fruit red when 
ripe). 

Baccaurea sp. 

Aneityum: Anelgauhat Bay, common in rain-forest, alt. 240 
m., no. 772, Feb. 14, 1929 (large tree up to 15 m. high; leaves dark 
green). 

Baccaurea ? 

Tanna: Mt. Tokosh Meru, common in rain-forest at 600 m., 
no. 168, March 15, 1928 (tree about 15 m. high). 

Aleurites moluccana Willdenow, Sp. Pl. rv. 590 (1805). 

Aneityum: Aname, common at sea side, alt. 15 m., no. 989 
(coll. J. P. Wilson), Sept. 1929 (large tree 1.3 m. in diam.; fruit 
brown).—Already found on Efate; also New Caledonia, Loyalty, Fiji, 
Tonga, Samoa, Cook, Society, Marquesas, Gambier and Mariana 
Islands, New Zealand, Australia (Queensland), New Guinea, Malaysia 
and Hawaii.—Vernacular name “Inhatch.” 
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MORACEAE 
Paratrophis tahitensis (Bur.) Drake, Ill. Fl. Ins. Mar. Pacific. 296 
(1892); Fl. Polyn. Franc. 193 (1892). 
Aneityum: Anelgauhat Bay, common in rain-forest, alt. 210 
m., no. 818, Feb. 28, 1929 (large tree up to 12 m. high; flowers white; 
leaves boiled and eaten by natives). 


URTICACEAE 


Leucosyke corymbulosa Weddell in De Candolle, Prodr. xvi’. 
235%° (1869). 

Aneityum: Anelgauhat Bay, common in rain-forest at sea level, 
no. 791, Feb. 20, 1929 (small tree up to 9 m. high; fruit white when 
ripe, with green seeds). 


UNDETERMINED NUMBERS 
The following numbers have not been identified owing to insufficient 


material: nos. 159, 166, 297, 379, 750, 807, 808, 821 and 841 (= 166). 


MUSEUM NATIONAL D'HISTOIRE NATURELLE, 
Paris 


1This name is usually attributed to Bentham & Hooker (Gen. Pl. m. 364), but 
these authors have only identified the genus Uromorus Bur. with Paratrophis and 
did not make the binomial combination. 
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A SUPPLEMENT TO C. T. WHITE, “LIGNEOUS PLANTS 
COLLECTED IN THE TERRITORY OF PAPUA (BRITISH 
NEW GUINEA) IN 1925-26 BY L. J. BRASS” 


ALFRED REHDER 


PALMAE 

Determined by M. Burrer 
Calamus nannostachys Burret in Jour. Arnold Arb. xr. 264 (1931). 
Kuraudi, Eastern Division, no. 1379. 
Areca (Balanocarpus) nannospadix Burret, l. c. 265. 
Thu, Vailalo River, rain-forest, no. 921. 
Actinophloeus microcarpus Burret, 1. c. 267. 
Loloki River, in dumps on river bank, no. 1659. 
Actinophloeus linearis Burret, 1. c. 268. 
Lower Mori River, Eastern Division, rain-forest, no. 1566. 


MORACEAE 
Ficus - 
Determined by V. S. SUMMERHAYES | 

In my account? of the Figs collected in Papua by L. J. Brass on 
behalf of the Arnold Arboretum I inadvertently used for two new 
species of Ficus names which had previously been used for quite other 
species. It therefore becomes necessary to rename the Papuan species; 
these are as follows: 

Ficus aechmophylla Summerhayes, nom. nov. 

Ficus Brassii Summerhayes in Jour. Arnold Arb. x. 146, 207 (1929) ; 
non R. Br. ’ 

Loloki River, no. 1660. 

Ficus skytinodermis Summerhayes, nom. nov. 

Ficus clusiaefolia Summerhayes 1. c. 152, 209; non Schott. 

Sogeri, foothill forest, alt: 500 m., no. 641. 

Ficus Decaisneana Miquel, FI. Ind. Bat. 1. pt. m. 312 (1859). 

Loloki River, no. 549, and Bongwina River, Eastern Division, no. 
1620; cited (1. c. 206) under Ficus subulata Bl. 

Conocephalus sp. 

Lowa, Vailala River, alt. 60 m., on rain-forest trees, no. 1146, March 
15, 1926 (climbing; attaching itself to trunks of trees by adventive 
roots; flowers axillary, pink). 

1See Jour. Arnold Arb. x. 197-274 (1929) for the original paper. The deter-. 


minations in this supplement were mostly received from the Botanical Museum, 
Berlin-Dahlem. 


*Jour. Arnold Arb. x. 142-154 (1929). 


—" 
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MYRISTICACEAE 
Myristica sp. 
Bisiatabu, alt. 300 m., no. 610, Nov. 11, 1925 (compact tree, 10 m. 
high; bark channelled. 


LEGUMINOSAE 


Pithecolobium sp. aff. P. wmbellatum Benth. 

Keuru, Gulf Division, sea beach, no. 1197, March 22, 1926 (small 
tree, 5 m. high; leaves dark bluish green; stamens pink.) 

Mucuna pruriens De Candolle, Prodr. 11. 405 (1825). 

Domara River, Eastern Division, no. 1594, June 31, 1926, (large 
climber; flowers purple; fruit silky-hairy). 

Pueraria novoguineensis Warburg in Bot. Jahrb. xm. 325 (1891). 

Thu, Vailala River, no. 957, Feb. 12, 1926 (climbing over bushes on 
river bank; flowers large, blue). 


CELASTRACEAE 
Siphonodon sp. 
Thu, Vailala River, rain-forest, no. 1074, Feb. 26, 1926 (small slen- 
der tree; fruit clusters on trunk). 


SAPINDACEAE} 
Determined by H. Mretcutor 


Allophylus micrococcus Radlkofer in Schumann & Lauterbach, FI. 
Deutsch. Schutzgeb. Siidsee Nachtr. 307 (1905). 

Thu, Vailala River, rain-forests, no. 950, Feb. 12, 1926 (slender tree, 
12-15 m., with thin gray bark; fruit yellow); Hewa, Vailala River, 
rain-forests, no. 1132, March 13, 1926 (small tree with close gray bark; 
fruit bright red); Kuraudi, Eastern Division, on river bank, no. 1385, 
May 12, 1926 (small tree)—Common name “Odia” (no. 1132) and 
“Pidi-Pidia” (no. 1385).—See also Jour. Arnold Arb. x. 235. 

Alectryon ferrugineus Radlkofer in Act. Congr. Bot. Amsterd. 
1877, p. 84 (1879). 

U-uma River, on river bank, Eastern Division, alt. 300 m., no. 1522, 
May 20, 1926 (spreading tree 10 m. high; seeds glossy black, partly 
enclosed in a pink arillus). 

Alectryon reticulatus Radlkofer in Sitzb. Math.-Phys. Cl. Akad. 
Muench. xx. 255 (1890). 

Bomgwina River, Eastern Division, no. 1618, June 2, 1926 (small 
river bank tree; flowers pink, in axillary panicles). 

Guioa rigidiuscula Radlkofer in Sitzb. Math.-Phys. Cl. Akad. 
Muench. rx. 614 (1879). 


1See also Jour. Arnold Arb. x. 235 (1929). 
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Bisiatabu, alt. 450 m., no. 594, Nov. 8, 1925 (slender tree, 10 m. 
high, with thin pale gray bark; fruit rufous)—-Common name “Ete.” 

Guioa spec., aff. G. aryterifolia Radlkofer. 

Bisiatabu, edge of rain-forest, alt. 450 m., no. 614, Nov. 12, 1925 
(tree 10 m. high, with thin gray bark; fruits brown in clustered panicles 
on main branches). 

Cupaniopsis spec. 

Iawarere, rain-forest, alt. 300 m., no. 706, Nov. 29, 1925 (slender 
unbranched tree, 3 m. high, with a crown of long spreading pinnate 
leaves; fruits orange-tinted in axillary racemes or panicles) —Common 
name “Sisimana.” 

Elattostachys tetraporandra Radlkofer in Sitzb. Math. Phys. Cl. 
Akad. Muench. xx. 267 (1890). 

Kapa Kapa, tidal flats, no. 795, Dec. 7, 1925 (spreading tree to 
7.5 m. high, with brown close bark); Rigo, coastal brush, no. 815, Dec. 
9, 1925 (spreading tree 7.5 m, high, with rough gray bark). 

Elattostachys spec. 

Domara River, rain-forests, Eastern Division, no. 1601, May 31, 
1926 (tree 9-12 m. high; fruit red, seeds black). 

Lepidopetalum hebecladum Radlkofer in Sitzb. Math.-Phys. Cl. 
Akad. Muench. xx. 269 (1890). 

Mowabula, Eastern Division, no. 1871, May 10, 1926 (small river- 
bank tree; fruit red). 

Dodonaea viscosa Jacquin, Enum. Pl. Carib. 19 (1760). 

Bomgwina, Eastern Division, no. 1612, June 1, 1926 (small beach 
tree).—See also Jour. Arnold Arb. x. 236. 

Harpullia camptoneura Radlkofer in pied Math.-Phys. Cl. Akad. 
Muench. xx. 360 (1890). 

Kapa Kapa, tidal flats, no. 806, Dec. 8, 1925 (erect tree, 3 m. 
high; fruit yellow). 

Harpullia cupanioides Roxburgh, Hort. Beng. 86 (1814), nomen; 
Fl. Ind. L. 645 (1832). 

Kerema, Gulf Division, rain-forests, no. 1215, March 24, 1927 (slen-. 
der tree 3-4.5 m. high; flowers urceolate, white, in axillary panicles) ; 
Kuraudi, Eastern Division, common in riverine rain-forests over a large 
area of the south coast, no. 1894, May 12, 1926 (large bush or sparsely 
branched slender tree; flowers greenish in axillary or supra-axillary 
panicles); U-uma River headwaters, on river bottom, alt. 300-450 m., 
Eastern Division, no. 1450, May 18, 1926 (large sparsely branched 
bush or small tree, 2.5 m. high; flowers white, sweet-scented in axillary 
panicles); lower Mori River, Eastern Division, riverine rain-forests, 
no. 1558, May 28, 1926 (slender small tree or bush 3-4.5 m. high; 
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flowers greenish white; fruit scarlet, seeds yellow) Common name 
“Gari” (no. 1558). 

Alphitonia moluccana Teysmann & Binnendijk, Cat. Hort. Bogor, 

221 (1866), nomen.—Braid in Kew Bull. Misc. Inform. 1925, p. 184. 
Alphitonia zizyphoides C. T. White in Jour. Arnold Arb. x. 236 
(1929) ; not A. Gray. 

Nos. 1497 and 1637 (see White, 1. c.). 

According to K. W. Braid in his Revision of the genus Alphitonia 
(1. c.), A. moluccana is not identical with A. zizyphoides which is re- 
stricted to Polynesia. 

RUBIACEAE 

Psychotria polyneura Val. vel aff. 

Thu, Vailala River, rain-forest, no. 962, Feb. 13, 1926 (small soft- 
wooded bush, leaves somewhat fleshy). 


COMPOSITAE 


Microglossa volubilis De Candolle, Prodr. v. 320 (1836). 
Uniori, alt. 250-300 m., light rain-forest, no. 739, Dec. 2, 1925 (soft 
rambling under shrub). 


APPENDIX 
LIST OF HERBACEOUS:PLANTS COLLECTED IN 
NEW GUINEA BY L. J. BRASS 


CYPERACEAE 
Remirea maritima Aubl. Mapania macrocephala (Gaudich.) 
No. 1614 K. Schum. 
No. 1158 
ARACEAE 
Rhaphidophera novo-guineensis Schismatoglottis calyptrata 
Engl. (Roxb.) Zoll. & Moritzi 
No. 1034 (juvenile stage). No. 916 
Cyrtosperma Merkusii (Hassk.) Alocasia lancifolia Engl. 
Schott No. 913 = 
No. 931 
COMMELINACEAE 
Pollia macrophylla Benth. Forrestia hispida Less. & Rich. 
No. 652 No. 1124 
Aneilema sp. 
No. 999 
LILIACEAE 


Dianella ensifolia Red. 
No. 1430 


66 JOURNAL OF THE ARNOLD ARBORETUM [VoL. XIV 


AMARYLLIDACEAE 
Crinum macranthum Engl. 
No. 1157 
TACCACEAE 
Tacca pinnatifida Forst. 
No. 1169 
DIOSCOREACEAE 
Dioscorea bulbifera L. Dioscorea tiliifolia Kunth 
No. 1030 No. 867 
MUSACEAE 
Musa sp. 
No. 1364 
ZINGIBERACEAE 
Curcuma longa L. Costus speciosus (Koenig) Smith 
No. 548 No. 922° 
Tapeinochilus sp. Alpinia mnovae-pommeraniae K. 
No. 608 Schum. 
No. 1373 
MARANTACEAE 
Donax canniformis (Forst.) Rolfe Phrynium pedunculatum Warb. 
No. 926 No. 564, 960 in part 
Phrynium macrocephalum K. 
Schum. 
No. 960 in part 
: ORCHIDACEAE 
Agnostophyllum superpositum Oberonia diura Schlechter 
Schlechter No. 1523 (not no. 1216 as cited in 
No. 1493 Jour. Arnold Arb. x. 273). 
Appendicula cleistogama Schlechter 
No. 1216 
AMARANTACEAE 
Deeringia amaranthoides (Lam.) 
Merr. 
No. 869 
CERATOPHYLLACEAE 


Ceratophyllum sp. an C. demersum 
iv 


No. 1621 
BALSAMINACEAE 
Impatiens Hawkeri W. Bull. 
No. 554 
BEGONIACEAE 
Begonia sp. 


No. 919 
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CONVOLVULACEAE 
Calonyction bona-nox (L.) Boj. Ipomoea sp. 
No. 857 No. 1095 
Ipomoea denticulata (Desv.) Jaquemontia paniculata ( Burm.) 
Choisy Hallier f. 
Nos. 1029, 1639 No. 1404 
LABIATAE 
Dysophylla auricularia Bl. Orthosiphon stamineus Bl. 
No. 1122. No. 833. 
Coleus scutellarioides Benth. 
No. 767. 
SOLANACEAE 
Solanum sp. 
No. 972 
SCROPHULARIACEAE 
Limnophila rugosa (Rostk.) Ilysanthes veronicifolia (Retz. ) 
Schlechter Urb. 
-No. 1651 No. 1014 
GESNERIACEAE 
Cyrtandra sp. aff. C. bracteata 
Warb. 
No. 1453 
ACANTHACEAE 


Strobilanthes sp. aff. S. novo- 
megapolitanus Lindau 
No. 1082 
RUBIACEAE 
Nertera depressa Banks & Sol. var. 
papuana Val. 


No. 1445 
COMPOSITAE 
Vernonia cinerea (L.) Less. Blumea pubigera (L.) Merr. 
No. 752 No. 1363 
Vernonia lanceolata (Warb.) Moq.  [Eclipta alba (L.) Hassk. 
No. 740 No. 893 
Adenostemma viscosum Forst. Wedelia biflora (L.) DC. 
No. 1036 Nos. 719, 958, 1382 
Blumea Lessingii Merr. Wedelia spilanthoides F. v. Muell. 
No. 756 No. 775. 


HERBARIUM, ARNOLD ARBORETUM 
Harvarp UNIVERSITY 
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INHERITANCE IN AN OAK SPECIES HYBRID 


S. H. YARNELL 
With eight text figures 


A report of the first generation of the cross Quercus virginiana (Live 
Oak) X Q. lyrata (Overcup Oak)* was made by the late Helge Ness 
(1918) who, a few years later, was successful in obtaining three second 
generation families totaling twenty-three plants. While Professor Ness 
raised this second generation to fruiting maturity, he never made a 
second report. This paper presents a study of segregation of charac- 
ters in the above F,. 

The original cross was made in 1909 using the Live Oak as female; 
this was duplicated the following year. This species cross is easily 
made in spite of the fact that the parents belong to extremes of the 
section Lepidobalanus. Two of the four F, trees planted in front of 
the Station buildings are still growing vigorously and correspond very 
closely to the early description. They show definite evidence of hybrid 
vigor. They are now 13.4 and 14.8 inches in diameter at four and 
one-half feet above the ground. Eleven Live Oaks planted three years 
later average only 5.8 inches in diameter at the same height. Twenty 
Overcup Oaks planted with the Live Oaks average 5.97 inches. While 
the F, hybrids are perhaps a little more advantageously situated than 
the others, their diameter, which is more than twice that of plants of 
either parental species, can not be accounted for either by their situa- 
tion or by their three-year start. All F, plants of this cross were 
especially vigorous growers as seedlings. 

The 23 second generation hybrids belong to three families as follows: 
five trees from F, parent No. 1, ten from parent No. 2 and nine plants 
from parent No. 5. F, parent No. 1 resulted from the 1909 cross; par- 
ents No. 2 and No. 5 from the later cross. Since the F, plants are quite 
uniform and since the numbers in the second generation are small, all 
F, plants have been considered together as a single family. Seed to 
produce the second generation was collected in 1919, the trees being set 
out in 1923, spaced ten feet apart each way. 

1Jt is an interesting fact that trees supposed to be natural hybrids between the 
Live Oak (Quercus virginiana) and the Overcup Oak have been found in several 
places along the Gulf coast. Specimens from a number of trees found in the vi- 
cinity of Natchez, Mississippi, by Miss C. C. Compton were sent to the Arnold 
Arboretum in 1915 and 1916, and Professor Sargent published a description of 
them under the name Quercus Comptonae in the Botanical Gazette, txv. 456-458 


(1918). -* 
The earliest discovery of the tree, however, seems to have been by Dr. Chas. H. 
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LEAF CHARACTERS 


The leaves of the Overcup Oak are approximately twice as long as 
those of the Live Oak. While the leaves of the F, plants are large, they 
are smaller than those of the male parent. A random sample of 50 
mature leaves were secured from each second generation tree and from 
representatives of the parental species. Measurements were taken, in 
centimeters, of the length and greatest width. The means of these two 
dimensions were added to serve as an arbitrary index of leaf-size. In 
relation to leaf-area this method exaggerates the size of the /yrata-type 
leaf. The results are presented in Figure 1. The F, plants fall into 


V o 
| l 


NUMBER OF INDIVIDUALS 


5 10 15 
LEAF INDEX IN CENTIMETERS 


Figure 1. SEGREGATION oF LEAF SIZE IN THE F,,. 
The indices of the parental species are marked by arrows. 


two distinct groups, one ranging around the virginiana parent, the other 
in a distribution below the /yrata parent. The curve of the first group 
shows a decided tendency to flatten out, the other group forms approxi- 
mately a straight line. The two groups are about equal in size, there 
being 12 individuals in the first and 11 in the second. This occurrence 


Mohr, along Paysons Creek, Matagorda Co., Texas. A specimen of his collection, 
No. 96, Dec. 18, 1880, is now in the herbarium of the Arnold Arboretum. The 
label on this specimen also bears the notation: “A large low wide-spreading tree, 
with persistent foliage.’ The foliage is of the “small-leaf” group of Dr. Yarnell. 
The tree seems to have disappeared from this locality, or at least a diligent search 
for it by the writer in 1916 failed to find any trace of it. 

It is not stated on Dr. Mohr’s label whether the tree found by him was native 
or planted, but in the absence of such notation, it may be assumed that it was 
wild. With the exception of this and of two seedlings found in the woods near 
Natchez, all of the trees known seem to have been planted either in parks, as street 
trees, or about dwellings and plantations. But no records were obtained as to 
where they came from, except in the case of some trees in New Orleans, which 
were reported to have been brought from across Lake Pontchartrain 30 or 40 
years previously. 

Miss Compton, as stated by Sargent, located some 20 or 30 trees of this hybrid 
growing in the vicinity of Natchez, and specimens in the herbarium here show it 
to have been collected near Selma, Alabama, and along the streets and in Audubon 
Park, New Orleans. These specimens show a wide variation in leaf and fruit 
characters, with many of them intermediate between the two parents, and similar 
to those described by Dr. Yarnell for the Ness hybrid and its descendants. 

The rather wide natural distribution would seem to indicate that the two 
species, in spite of their obvious morphological differences, hybridize readily when 
growing together. 

ARNOLD ARBORETUM Ernest J. PALMER. 


70 JOURNAL OF THE ARNOLD ARBORETUM [VoL. XIV 


of two distinct groups of approximately equal size has been interpreted 
as evidence that two principal factors are involved in size of leaf and 
that the distribution obtained represents a 9:7 ratio, the lack of agree- 
ment being due to small numbers. 

Since segregation is taking place in the second generation of a rather 
wide interspecific cross, it is reasonable to assume that a number of 
factors from one species influence the expression of characters normally 
found in the other. Such an influence is evident in the expression of 
each of the characters under study, but does not, it is believed, invali- 


Ficures 2-8. PARENTAL, F, anp F,, LEAF SHAPE Types, X 3%. 
2. QUERCUS VIRGINIANA. 3. THE F,. 4. Q. LYRATA. 
5-8. F, Pants. 


date an estimate of the number of principal factors involved. This, 
together with a lack of complete dominance, accounts for the amount of 
variation found in the second generation. 

- Perhaps the most difficult classification to make, on this account, is 
that of leaf shape. The male parental species derives its name from 
the lyrate character of its foliage. The leaf of the female parent, while 
for the most part entire, does show a tendency toward the production 
of slight irregularities on some of the leaves, producing a type of margin 
which can not be distinguished, except in degree, from certain of the 
F, segregates. The virginiana type may be seen in Figure 2, the /yrata 
type in Figure 4. The F, is outlined in Figure 3. The figures have 
been traced from representative leaves and have been reduced 4 in 
reproduction. Figures 5 and 8 illustrate extreme types in the F,. The 
leaf in Figure 5 is the closest approach to the /yrata type. The leaf in 
Figure 8 is virginiana-like except for the apex which is pointed. There 
is one such plant. Three others have leaves very close to those of the 
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female parent, with the addition of small lobes. Seven others are con- 
sidered nearer this type. All of these are in the “small-leaf” group dis- 
cussed above. The leaf in Figure 6 illustrates the only plant in the 
“small-leaf” group which is distinctly lyrate in shape. All trees in the 
“large-leaf” group have lyrate leaves. The exact form in some cases 
varies rather widely from the /yrata type as may be seen in Figure 7. 
This is presumably due to this influence of incidental factors from the 
Live Oak parent. The fact that one recessive was recovered in the F, 
and that all such plants can be placed in two general categories is good. 
evidence that not more than two principal factors are involved in deter- 
mining leaf shape. Since the grouping with respect to size and shape 
of leaves coincide with one exception, the relationship of the two 
groups of factors can not be determined. A number of things might 
be responsible, such as identity or close linkage of factors, gametic 
selection, or inviability of certain gametic or zygotic combinations. 

The epidermis of the Live Oak is somewhat thickened, giving the 
leaves a shiny appearance, in contrast to the duller and thinner leaves 
of the Overcup Oak. The coriaceous character is not completely 
dominant in the F,, heterozygous plants being classified as modified 
coriaceous. The leaves of all plants in the “small-leaf” group were 
coriaceous. In addition, the leaves of three trees in the “large-leaf” 
group were given the same classification. This gives a total of 15 cori- 
aceous and 8 non-coriaceous plants. This is a little nearer the 9:7 
than to the 3:1 expectancy (13:10 and 17.25:5.75 respectively). 

A related character is the habit of dropping or retaining the leaves | 
at the end of the summer season. The name “Live Oak” is due to the 
evergreen character of Q. virginiana. The pollen parent, on the other 
hand, sheds its leaves relatively early. The first generation hybrid 
holds only a part of its leaves during the winter. All of the trees with 
large, non-coriaceous leaves are completely deciduous. In addition, 
two of the three trees with large modified coriaceous leaves were fully 
deciduous, while the third was classified as deciduous with a tendency 
to hold a part of its leaves later in the season. Five of the twelve trees 
with “small” coriaceous leaves were completely evergreen, the re- 
mainder being partially evergreen. It is evident that not more than 
two principal factors are involved here and quite possibly only one 
pair. 

FRUIT CHARACTERS 

Fruits of the two parental species differ widely in appearance, espe- 
cially in regard to size, shape and character of the cupule. Twelve of 
the twenty-three second generation trees fruited during the 1931 season. 

Fruits of Q. virginiana are approximately twice their diameter in 
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length while those of Q. /yrata are somewhat wider than long. In the 
F, the fruits are wider in proportion to length than those of the female 
parent. Acorns of eight trees are distinctly long, of two are interme- 
diate, and of two decidedly round, giving a total of 8 long to 4 round. 
Inheritance of fruit shape seems to be similar to that of leaf shape with 
the former giving more nearly complete dominance. The fact that no 
fruits precisely like those of the /yrata parent have been found lends 
support to a two-factor hypothesis. 

There is a striking difference between the two species in size of fruit, 
the larger diameter of /yrata fruit giving the greater volume. Acorns of 
the first generation usually exceed those of either parent in size since 
they are somewhat longer than those of virginiana and nearly as wide 
as in lyrata. In every case in the F, the fruits have been classified as 
small and in three individuals the fruit is considerably smaller than in 
the virginiana parent. How much of this may be due to irregularities 
of development resulting from the interspecific nature of the cross can 
not be said. It is clear that the results can not be explained on a simple 
factorial basis. 

The Overcup Oak is so named because the cupule covers from three- 
fourths to nearly the entire nut. In the Live Oak fully three-fourths 
of the acorn is exposed. The cupule of the first generation is inter- 
mediate in size, covering from one-third to one-half of the large acorn. 
In nine F, plants the cupule is about as found in the female parent. 
In two trees the cupule is intermediate in size, and in one the cupule 
approaches but does not equal that of the pollen parent in size. While 
two factors are indicated in this case it is evident that the results are 
complicated by other factors such as size of fruit. 

Thickness of cupule scales is a related character. While the scales 
are nearly equal in number in the two species they are much enlarged 
in the Overcup Oak and have a protuberance at the tip. The cupule 
scales in the F, may be said to be intermediate in size, although they 
are much closer to those of the Live Oak parent. In the F, eight 
individuals have thin scales and five have scales intermediate in thick- 
ness. None has scales approaching those of the Overcup Oak in prom- 
inence. Since this character shows such a close relationship with the 
preceding it is likely that the two have one factor in common. 


BARK CHARACTER 
It has been possible to obtain data in regard to one other character, 
type of bark. In Q. lyrata the bark flakes off, while in Q. virginiana 
the bark of the trunk is rough. The first generation trees are inter- 
mediate in this respect. In the second generation 7 trees have bark 
exhibiting different degrees of flakiness while 16 trees have a rough 
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trunk. This ratio is probably the result of segregation of a single factor 
pair. This character, in common with the others under consideration, 
exhibits considerable variability in the F,. 


DISCUSSION 


Augustine Henry (1910) studied large numbers of seedlings (971) 
of what was very likely the second generation of a natural cross be- 
tween Ulmus foliacea and U. glabra. The F, had received the name 
U. vegeta, known popularly as the Huntingdon Elm. Seedlings of 
both parental species were quite uniform. Three characters, opposite 
vs. alternate leaves, leaf size, and length of petiole, were found to 
segregate on a 3:1 basis in the second generation. Different F, trees 
were found to vary greatly in degree of fertility. 

Plate 24 of the paper cited above illustrates the Lucombe Oak, par- 
ents and seedlings. The leaf size and shape combinations in the F, are 
very similar to those of the Live Overcup Oak cross. The Lucombe 
is evidently a seedling of a Q. cerris (Turkey Oak) & Q. suber (Cork 
Oak) cross. It is subevergreen and was propagated by grafting at 
Exeter, England in 1763. In 1792 acorns of this Oak were sown which 
gave a variable progeny (Henry 1910). The author recognizes hybrid 
vigor in the first generation of these and other tree crosses and the 
resulting increase in usefulness, and later made numerous controlled 
crosses with this end in view. 

H. A. Allard (1932) has made a study of a number of natural Oak 
hybrids growing in or near the District of Columbia. Open pollinated 
seed of Q. Saulii, considered to be a hybrid between Q. alba and Q. 
montana, were planted about 1922. Forty seedlings grew, most of 
which survived. Characters of Q. montana are more evident in the 
“F,” than those of Q. alba. The author points out that the generation 
involved is necessarily unknown. No factorial analysis was attempted. 
He reports that D. T. McDougal (1907) raised 55 seedlings of Bar- 
tram’s Oak (Q. heterophylla), a natural hybrid between Q. phellos and 
Q. borealis maxima. Plants similar to each parent and various types 
of intermediates were obtained. es 

The first generation of the Live and Overcup Oak cross shares with 
other interspecific tree crosses the characteristic of rapid growth. In 
habit of growth it is intermediate between its two parents, being more 
erect than the Live Oak and having a greater spread than the Overcup 
parent. As a result, it is much more attractive as an ornamental than 
the latter species. Growth of the second generation trees varies widely, 
from somewhat better than the parental species to individuals that are 
decidedly stunted. 
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The tendency for characters of one parent to be inherited together 
in the F, is striking. It is a problem of importance to the plant breeder 
who makes use of interspecific crosses. Normal chromosomal linkage 
would account in some measure for this result, especially since it is 
likely that there is less crossing over in the F, than in either pure spe- 
cies. The partial sterility found in the second generation is good evi- 
dence that the chromosomal complements of the two species are 
sufficiently differentiated to prevent their normal functioning in certain 
combinations. It is but a step to assume that other combinations are 
unable to produce a viable individual. The chance for securing the de- 
sired grouping of characters under such conditions will depend upon the 
size of F, or back cross populations, which present an opportunity for 
viable chromosome combinations carrying the desired characters. 

The results suggest, for example, that the evergreen character might 
be combined with hardiness to extend the range of the Live Oak type 
considerably north of Virginia. This would involve a number of genes 
from each species such as those for thickened epidermis, leaf-size, and 
also for physiological characters. Such a successful combination, while 
not common in the F, would be expected to occur frequently enough 
to justify a systematic search for such individuals. 

There is ample evidence that the normal expression of a character is 
frequently modified by new combinations of genes from the two species. 
The idea that a gene may influence the expression of characters which 
are determined primarily by other genes has been frequently advanced. 
‘This idea usually carries with it the assumption that either allelomorph 
has the same incidental effect regardless of differences in the morpho- 
logical expression of the allelomorphic pair. The fertile species cross 
with its high variability of character expression in the second genera- 
tion bears out the above assumptions, in that what are presumably 
- allelomorphic genes in the two species seem to have different inci- 
dental effects in contrast to the situation for an allelomorphic pair 
within a single species. 

The low number of principal factors involved for many characters 
increases the chance of securing a satisfactory combination in the 
second generation. Inheritance in forest trees thus appears to be no 
more complex than inheritance in most material of interest to the plant 
breeder. 


Division oF HorTICULTURE, 
Texas AGRICULTURAL EXPERIMENT STATION. 
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TAXONOMIC AND CYTOLOGICAL RELATIONSHIPS 
OF YUCCA AND AGAVE 


Susan DELANO McKELVEY AND Kart SAx 
With plate 55 


The senior author, during the past two years, has made an extensive 
study of Yucca and related genera. These genera have been collected 
from western Texas, New Mexico, Arizona, and the southern areas in 
California, Nevada, Utah and Colorado. The distance covered in this 
area has approximated 25,000 miles, and no day of travel passed with- 
out encountering numerous species of these plants. 

Identification of Yucca species in the field has been difficult because 
of the extreme variability of all species, and the overlapping range of 
two or more similar species. For example, in the group of filiferous- 
leaved Yuccas with dehiscent fruit, the leaf characters have at times 
been used as a basis for species differentiation, but as a practical 
guide in the field these characters are often unreliable and confusing. 
On a single inflorescence the flowers vary little in size and form, but 
two inflorescences from adjoining plants, apparently of the same 
species, may differ in habit; the flowers may differ in shape and size of 
corolla-segments, ovary and style; and vary in length, form and 
pubescence of filaments. Among the fleshy-fruited Yuccas, one species 
seems to have two distinct forms; one with a vigorous fleshy in- 
florescence and large flowers, and the other with a compact, more 
ligneous inflorescence and more numerous small flowers. 

In regions where closely allied species occur, their separation in the 
field is extremely difficult. Within the range attributed to Y. angus- 
tissima are plants of vigorous growth quite different than the expected 
type. In some respects, they resemble Y. glauca whose range is sup- 
posed to begin hundreds of miles further east. At the point of worst — 
confusion has one encountered intermediate segregates from species 
hybrids, or are different types variants of a single species? 

In most respects the allied genera Clistoyucca, Hesperoyucca and 
Samuela, separated by Trelease (1902), are similar to Yucca. Yucca 
and Agave are also similar in various striking details although these 
genera are placed in different families by most taxonomists. 

The occurrence of transitional forms of Yucca species and the simi- 
larity of closely, and even distantly related genera, has led to a cyto- 
logical study of these plants in order to compare their chromosome num- 
ber and morphology. Material was collected in the field by the senior 
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author. Flower buds at different stages of development were fixed in 
a mixture of acetic acid and alcohol, and later transferred to 70 percent 
alcohol. Chromosome counts were obtained from aceto-carmine 
smears by the junior author. ' 

Permanent smears were also made from pollen mother cells of Agave 
americana collected at the Bermuda Biological Station, from Agave 
virginica from the Missouri Botanical Garden,,and from Yucca flaccida 
and Y. filamentosa grown in the Arnold Arboretum. 

The chromosomes of Yucca flaccida have been described in detail by 
O’Mara (1931). At the first meiotic division there are 5 pairs of long 
chromosomes and 25 pairs of very small chromosomes. The long 
chromosomes have an average chiasma frequency of 3 per bivalent at 
metaphase, while each small bivalent has only a single terminal chi- 
asma. The pairing is very regular and lagging univalents or other 
_ abnormalities were not observed. The extreme differences in chromo- 
some size and the large number of chromosomes is rather unusual in 
the plant kingdom. 

All of the species of Yucca examined have the same chromosome con- 
stitution. These include Y. flaccida, Y. filamentosa, Y. elata, Y. con- 
stricta, Y. rupicola, Y. macrocarpa, and Y. angustissima. The chro- 
mosomes of Y. flaccida and Y. filamentosa are shown at different stages 
of meiosis (figures 1, 2, and 3). The five pairs of large chromosomes 
are conspicuous at all stages. There is considerable variation in the 
size of the 25 small chromosomes, but all are relatively small. 

The closely related genera examined also have exactly the same 
chromosome constitution as Yucca. These include Hesperoyucca 
Whipplei, Hesperaloe parviflora, and Samuela Faxoniana. Unfor- 
tunately, favorable material was not obtained from the related gen- 
era Nolina and Dasylirion. Counts from somatic cells of Nolina 
show that there are about 38 chromosomes which differ consid- 
erably in size, and most, if not all, of those chromosomes have 
median or sub-median spindle fiber constrictions. The more distantly 
related genus Dracaena (D. arborea) also has about 38 somatic chro- 
mosomes. = 

The species of Agave studied have 5 pairs of large chromosomes and 
25 pairs of small chromosomes: The chromosomes of A. virginica and 
of A. americana are shown at different stages of the first meiotic divi- 
sion (figures 4, 5, and 6). Aceto-carmine smears of Agave consociata 
also show the same chromosome number and morphology. According 
to Mr. S. Horovitz of the University of Buenos Aires, Agave filifera 
also has 5 large and 25 small pairs of chromosomes. 

The Agavoideae include according to Engler and Prantl the genera 
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Agave, Polianthes, Bravoa, Furcraea (Fourcroya) and Beschorneria, 
all natives of central America, and the Australian genus Doryanthes. 
According to Heitz (1926) Furcraea altissima has 10 large somatic 
chromosomes and about 40 small ones while F. Lindeni has 10 large 
chromosomes but only 30 small ones. We have found 10 large chro- 
mosomes and 50 small ones in. aceto-carmine preparations of root tips 
from Furcraea Bedinghousit, but in order to get satisfactory prepara- 
tions it was necessary to isolate single dividing cells and flatten the 
metaphase chromosomes by heat and slight pressure. According to 
Heitz, Miiller’s work on Beschorneria shows chromosome numbers simi- 
lar to those of Furcraea. 

As a rule pollen grain size is generally correlated with chromosome 
number in closely related species. The size and morphology of the 
pollen grains appear to be very similar in the following species;— 
Yucca macrocarpa, Y. Treculeana, Y. baccata, Y. elata, Y. Reverchoni, 
Y. Thompsoniana, Y. mohavensis, Clistoyucca brevifolia, Hesperaloe 
parviflora, Hesperoyucca Whipplei, Agave Havardiana and several un- 
identified species or varieties of Yucca and Agave. Each species and 
variety examined had almost, 100 percent of morphologically perfect 
pollen grains. 


DISCUSSION 


The confusing variation within species and the intermediate forms of 
Yucca might be interpreted as the result of extensive hybridization 
between species and varieties. All of the species examined show regu- 
lar chromosome behavior at meiosis and practically all of the pollen 
is morphologically perfect. If the questionable forms are hybrids the 
parental varieties or species must be closely rélated and possess very 
similar genoms. In respect to chromosome number and chromosome 
morphology all of the species studied seem to be very similar. If the 
chromosomes of different species are compatible with edch other, a 
considerable amount of crossing might be expected and would be lim- 
ited only by geographic isolation and differences in time of flowering. 
The cytological analysis alone offers little help in solving the cause of 
variations within and between species of Yucca. 

The striking similarity of the chromosomes of Yucca ‘and Agave and 
their allied genera indicates a close relationship between these two 
groups, even though they are referred to different families. The chro- 
mosome constitution, 5 pairs of large chromosomes and 25 pairs of 
small chromosomes, is so unusual that it cannot be due to chance. 
The two genera are also similar in many taxonomic characters. A 
brief comparison of the two genera, and of the families to which they 
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belong, has been prepared by Dr. Ivan M. Jobnstan of the Arnold 
Arboretum, and is quoted below. 

“Yucca belongs to the Liliaceae and Agave to the Amaryllidaceae. 
The Amaryllidaceae, having an inferior rather than a superior ovary, 
are evidently more specialized in basic floral structure. Taken as a 
whole the two families differ only in this character of the ovary. There 
is every evidence that the Amaryllidaceae have been derived from the 
Liliaceae and there are some very good reasons to suspect that the 
former are a polyphyletic group with the several points of origin in 
the Liliaceae. 

Yucca and Agave are similar in many striking details. Both are 
coarse fibrous perennials with usually firm, long-enduring, monocarpic 
leaf-rosettes that are not common in their families. The large panicles 
are similar in basic structure and pattern. 

Yucca has a superior ovary; the filaments are attached at the base 
of the corolla, bearing small firmly affixed anthers which do not 
surpass the corolla-lobes. 

Agave has an inferior ovary; the stamens are attached in the corolla 
throat, the linear filaments bear large linear versatile anthers usually 
protruding beyond the corolla-lobes. 

While Yucca is more simple than Agave in structure of ovary, and 
presumably belongs to a generally more primative family, its staminal 
structures and the complex symbiotic relation required in its, pollina- 
tion are distinctly far in advance over conditions found in Agave. It 
is evident, therefore, that Agave could scarcely have been evolved from 
Yucca (including Samuela, Hesperoyucca, Cleistoyucca and Hespera- 
loe) as now constituted. 

Yucca is generally accepted as having relations in Nolina, Dasylirion 
and Dracaena of the Liliaceae. Furcraea, in the Amaryllidaceae, is a 
relative of Agave although it possesses many important details of habit 
and floral structure very similar to those found in the relatives of 
Yucca. If Yucca is a reasonably close relative of Agave, as I believe 
it is, then it is probable that the affinity is to be traced through the 
related genera mentioned.” 

In the Dracaenoideae only the Yucceae have 5 ine ‘and 25 small 
pairs of chromosomes. All of these chromosomes have terminal spindle 
fiber attachments. In the two species examined (Nolina sp. and 
Dracaena arborea) in the Nolineae and Dracaeneae the somatic chro- 
mosome number seems to be about 38. These chromosomes do show 
considerable size differences but not as extreme as in Yucca, and the 
spindle fiber attachment constrictions seem to be median. 

In the Agavoideae the two genera studied, Agave and Furcraea, have 
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chromosomes very similar to those of Yucca. The cytological com- 
parison shows a very close relationship between the Yucceae and cer- 
tain genera of the Agavoideae, but Nolina and Dracaena do not seem 
to be the connecting link between these groups. 

According to Engler and Prantl, all genera of the Yucceae, and with 
the exception of the Australian genus Doryanthes, all genera of the 
Agavoideae, are natives of Central America. These genera are closely 
related as indicated by both taxonomic and cytological characteristics. 
It is of interest to note that the African Aloinae, including the genera 
Aloe, Gasteria, Apicra and Haworthia, are in some respects similar to 
the Yucca-Agave group. All of these African genera have the same 
chromosome number, and the chromosome complex includes both large 
and small chromosomes. There are 4 pairs of large chromosomes and 
3 small ones in each of these genera (Gaiser, 1930). The morpho- 
logical characters and the similarity in size differentiation of the chro- 
mosomes seems to indicate a remote affinity between the Aloinae of the 
Old World and the Yucca-Agave group of the New World. 


SUMMARY 


Yucca and Agave are similar in many taxonomic characters although 
one genus is placed in the Liliaceae and the other in the Amaryllida- 
ceae. Yucca and the closely allied genera Hesperoyucca, Hesperaloe, 
and Samuela, have 5 pairs of large chromosomes and 25 pairs of small 
chromosomes at the meiotic divisions. Exactly the same chromosomes 
constitution is found in Agave and in at least one species of the closely 
related genus Furcraea. The similarity in taxonomic characters and 
chromosome constitution indicates that these genera have had a com- 
mon origin and are closely related. 

The variability within and between species of Yucca is not correlated 
with any variation in chromosome number or irregularity in chromo- 
some behavior. 
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DESCRIPTION OF PLATE 55 


The drawings were made from permanent smears of pollen mother cells.. 
Magnification about 2500. 
Yucca flaccida. Diakinesis. 
-Yucca filamentosa. Metaphase. 
Yucca flaccida. Telophase. 
Agave virginica. Diakinesis. 
Agave virginica. Metaphase. 
Agave americana. Telophase. 
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CHROMOSOME NUMBERS IN ULMUS AND 
RELATED GENERA 


Kari Sax 
With plate 56 


The genus Ulmus contains about 18 species and a considerable 
number of varieties and hybrids (Rehder 1927). The genus is repre- 
sented in the temperate regions of North America, Asia and Europe. 
Most species develop their pollen grains and flower early in the spring, 
but two species, U. parviflora, the Chinese Elm, and U. serotina, from 
south central United States, flower in early autumn. The other species 
have well developed flower buds in the fall but do not bloom until 
early spring. 

Chromosome counts at meiosis were obtained from aceto-carmine 
smear preparations. Fourteen pairs of chromosomes were found in the 
following species and varieties,—the American species, U. racemosa 
and U. fulva; the European species, U. laevis, U. glabra, U. procera 
purpurea and U. foliacea; and the Asiatic Elms, U. laciniata and U. 
japonica. Ulmus hollandica varieties Pitteursii and superba also have 
14 pairs of chromosomes, although there is occasionally some irregu- 
larity in the meiotic divisions of the variety superba. The American 
Elm, U. americana is a tetraploid with 28 pairs of chromosomes. 
There is, as might be expected, some indication of secondary chromo- 
some pairing in the species. The variety pendula is also a tetraploid. 
It is probable that U. americana is an autotetraploid and that only 
bivalent chromosomes are formed because of the limited chiasma 
frequency. 

‘The numerous varieties of U. hollandica are presumably segregates 
‘from hybrids between U. glabra and U. foliacea. The two varieties 
studied show only slight irregularities in meiotic divisions and pollen 
fertility is almost complete. It seems probable that a number of 
species hybrids could be made in this genus. 

During the spring of 1932 crosses were made between U. americana 
and U. laevis. A considerable number of seeds were obtained, but 
owing to technical difficulties in pollination it is probable that many 
of the seeds were not of hybrid origin. Since U. americana is a tetra- 
ploid and U. laevis a diploid, the hybrid seedlings should be triploids. 
Chromosome counts from these seedlings have not been completed, but 
the seedlings examined seem to be tetraploids. 

In general, the species of Ulmus constitute a rather closely related 
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group as indicated by chromosome number and morphology, the ocur- 
rence of fertile species hybrids, and the similarity of certain Old and 
New World species. 

The related genus Zelkova, also has 14 pairs of chromosomes. The 
reduction divisions in Z. serrata seem to be regular. 

The monotypic genus Hemiptelea is apparently a polyploid with a 
large number of chromosomes which are irregularly distributed at the 
meiotic divisions. About 70-80 per cent of the pollen of H. Davidii is 
morphologically imperfect. 

Celtis occidentalis also has very irregular meiotic divisions. The 
diploid chromosome number is 28, but at the first meiotic division 
there is little chromosome pairing and the univalent chromosomes are 
irregularly distributed to the daughter nuclei. In some cases 28 uni- 
valents were observed at the first meiotic metaphase stage and in 
most cases only a few bivalents were found (Fig. 11). The chromo- 
some behavior was the same in two different trees and in both cases at 
least 80 per cent of the pollen was sterile. A considerable number of 
fruits were produced on both trees. 

The irregular chromosome behavior and high pollen sterility in a 
good species is difficult to understand. If this species contains two 
different basic sets of chromosomes with only a few homologous chro- 
mosomes or parts of chromosomes it could breed true only by some 
form of apomixis. Such true breeding hybrids are found in nature. 
Malus theifera for example is a triploid which produces no functional 
pollen, but it reproduces the type and has a natural distribution. 

It is also possible that the prevalence of galls on Celtis may influ- 
ence the meiotic divisions. Kostoff and Kendall (1929, 1930) have 
found that gall mites and other parasites may cause chromosome irreg- 
ularity in certain solanaceous plants. Although no parasites were 
observed on the Celtis flowers collected it is perhaps possible that the 
residual effect of constant earlier infections may have had an influence 
on the meiotic divisions. If megasporogenesis is less easily disturbed 
a considerable number of fruits might be produced even though rela- 
tively few of the pollen grains are functional. Additional work on C. 
occidentalis and other species should be done to determine the cause of 
pollen sterility in this genus. 

The basic chromosome number is 14 for all of the genera of the 
Ulmaceae investigated. Among the allied families the basic chromo- 
some number is 16 for the Juglandaceae (Woodworth, 1930), 8 and 14 
for Betulaceae, (Woodworth, 1931), 12 for the Fagaceae (Sax, 1930), 
and 14 for several genera in the Moraceae (Gaiser, 1930). From the 
standpoint of chromosome numbers the Ulmaceae might seem to be 
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allied with the Alnus,.Betula, Corylus group in the Betulaceae and 
Morus in the Moraceae, but’ the great diversity in. morphological and 
anatomical characters would not seem to indicate any close phylo- 
genetic relationships among these families. 
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DESCRIPTION OF PLATE 56 


Drawings from aceto-carmine preparations of pollen mother cells. 
X 2000. First meiotic metaphase shown in all figures except number 10 
which is from a second metaphase plate. 


Figure 1. Ulmus laevis. 

Figure 2. Ulmus americana pendula. 
Figure 3. Ulmus racemosa. 

Figure 4. Ulmus fulva. 

Figure 5. Ulmus laciniata. 

Figure 6. Ulmus procera purpurea. 
Figure 7. Ulmus japonica. 

Figure 8. Ulmus hollandica Pitteursii. 
Figure 9. Ulmus foliacea. 


Figure 10. Zelkova serrata. 
Figure 12. Celtis occidentalis. 
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MYCORRHIZAL AND OTHER FEATURES OF THE ROOT 
SYSTEMS OF PINUS 


A. B. Hatcu anp K. D. Doak 
With plates 57-60 


The distinctive anatomical and morphological features of mycor- 
rhizal and non-mycorrhizal root systems, as illustrated by those of 
Pinus, are the subject matter of this paper. The discussion, although 
limited to Pinus, considers some features that are common to all ecto- 
trophic mycorrhizal organs of woody plants. 

The term ectotrophic mycorrhiza refers to a distinct morphological 
organ consisting of a “short root” and a fungus that are constantly 
arranged in an orderly manner with reference to each other. It is a 
well-defined organ and need not be confused even with its nearest rela- 
tive the pseudomycorrhiza. Frank (1885) coined the term ‘“mycorhi- 
za”—a compound of Greek terms meaning “fungus root.” He 
described the structure as neither root nor fungus, but rather—analo- 
gous to the thallus of the lichen—an association of two differing 
components to form one morphological organ.* 

The use of the term mycorrhiza in reference to ectotrophic struc- 
tures (under which we also include the ectendotrophic forms for con- 


1In his first paper on mycorrhiza with reference to the absorbing roots of Oak, 
Beech, etc., Frank stated that they consist of two kinds of elements—(1) “aus 
einem Kern, welcher die eigentliche Baumwurzel reprasentiert, und” (2) ‘aus einer 
mit jenem organisch verwachsenen Rinde, welche aus Pilzhyphen zusammengesetzt 
ist.” “Der ganze KOrper ist also weder Baumwurzel noch Pilz allein, sondern 
ahnlich wie der Thallus der Flechten, eine Vereinigung zweier verschiedener Wesen 
zu einem einheitlichen morphologischen Organ, welches vielleicht passend als 
Pilzwurzel, Mycorhiza bezeichnet werden kann.” (Frank, 1885, p. 129.) 

The frequent subsequent use of the term mycorrhiza (or mycorhiza) to de- 
scribe a condition rather than an organ is the result of the absence of such a 
definite organ in Orchidaceae and Ericaceae, where endophytic infection by one 
mycelium may occur in roots, stem, leaves and seeds. The usages of the one 
term to indicate either a condition or an organ are not compatible; consequently 
it would seem advisable to extend our terminology. One of the difficulties of the 
dual meaning is the use of the singular noun in the plural sense. Thus the singu- 
lar “mycorrhiza” is frequently employed in referring to a number of short roots 
that collectively have been converted into “mycorrhizae.” In view of Frank’s 
original definition this is obviously incorrect. 

The word mycorrhiza is compounded from the Greek wtxn, a rare variant of 
pixns “fungus,” and of fifa “root,” with 66 (rrh) medially (as usual) and 
at in the plural (since Alfa is a feminine noun of the first declension), which in 
botanical usage is latinized, becoming “ae’’ Most authors have adopted the plural 
endings of their respective languages in their writings on ectotrophic mycorrhizae, 
but in English this is awkward phonetically. Kelley (1931) therefore adopted the 
latinized Greek plural ending, while retaining the single “r” of Frank. The 
spelling employed in this paper is the one considered preferable by authorities on 
the Greek language. 
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venience) is restricted by most European investigators to such an organ 
formed from short roots. Elsewhere, the term is frequently used to 
indicate indiscriminate fungal attacks on “long” as well as on “short 
roots.” McArdle (1932) for example has recently published photo- 
graphs (Figs. 1 to 6 and plate 2) of root systems of Pine and Spruce 
grown in open culture synthesis experiments to support his belief that 
certain fungi investigated form mycorrhizae with the roots of those 
trees. In figure 5 (ibid.) a dead radicle is illustrated from which three 
replacement radicles have emerged and grown geotropically. These are 
labeled “Mycorrhizae on Norway spruce, formed in synthesis with 
Lycoperdon gemmatum.” It is evident from this photograph and from 
the others mentioned above that long roots are considered to be mycor- 
rhizal organs. Neither these nor any of the visible short roots, however, 
exhibit the external characters possessed by a typical mycorrhiza. 
Since conversion of root tips into mycorrhizal structures is probably 
dependent on slow elongation rates it is improbable that long roots 
(rapidly growing roots) can be converted into “fungus roots” while the 
short roots (slow growing roots) of the system remain uninfected. 
Again, among 21 photographs and drawings of roots of culture plants 
reported to be mycorrhizal by Masui (1927, figs. 63-84) one drawing 
only (fig. 83) is included that illustrates a structure characteristically 
mycorrhizal (ectotrophic). Illustrations of non-mycorrhizal intracellu- 
lar infection, of cells evidently taken from long roots, are common 
(figs. 75 and 76). 

Further confusion in mycorrhizal studies has resulted from failure 
to qualify the use of the terms “large root” and “rootlet.” The latter 
evidently has been used to cover all elongating roots (McArdle, 1932). 
In connection with the former, Masui (1927, fig. 90) and others have 
used microchemical methods for studying the physiological functions 
of mycorrhizal roots and in so doing have apparently compared mycor- 
rhizal “short roots” with non-mycorrhizal “large” or “long roots.” The 
impropriety of comparing such roots microchemically may account for 
the diversity of opinion among these investigators concerning the physi- 
ology of mycorrhizal associations.’ 

The profuse surface growth of non-mycorrhizal and probably para- 
sitic fungi on roots has frequently caused such roots to be mistaken for 
true mycorrhizal structures. Thus abundant and apparently parasitic 

iMcArdle (1932, p. 292) states that all investigators who have used this tech- 
nique agree that “mycorrhizal fungi are parasitic upon the associated higher plants, 
and that there is no evidence of a symbiotic relationship.” However, Rexhausen 
(1920) and Aali (1923) came to views exactly opposite, namely that mycorrhizal’ 
fungi are beneficial to the associated higher plant; Weevers (1916) is uncertain of 


the relationship, and Weyland (1912) and Masui (1927) conclude that parasitism 
exists. ; 
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attacks (with sporophore production) of certain -Gasteromycetes on 
mycorrhizal roots, roots already mycorrhizal through association with 
Hymenomycetes, have recently been observed in several instances by 
the authors (further communication by Doak). Recognition of the 
nature of such secondary attacks is often extremely difficult, a fact 
which undoubtedly accounts for much confusion in the literature. 

Attempts to learn of the abundance of the mycorrhizal roots of trees 
by reviewing the world’s literature of these structures are singularly 
futile. With few notable exceptions investigators have either neglected 
to define their use of the term “mycorrhiza,” failed to apply it ex- 
clusively (and quantitatively) to those roots known as short roots 
(absorbing roots, “Saugwiirzelchen oder Ernahrungswurzeln”) or 
omitted a tally and description of the roots they have not listed as 
mycorrhizal. 

In America, McDougal (1928) has reported repeatedly upon the 
existence of mycorrhizal structures on forest tree roots. One gathers 
from his papers that although they are widely distributed they are rela- 
tively nonabundant and in fact are somewhat infrequent if present at 
all on some species. For a number of years the authors have devoted 
their attention, almost exclusively, to the study of the mycorrhizal roots 
of forest trees both in America and Scandinavia. During this period 
they have rarely observed short roots (on forest trees over one year in 
age, growing in good forest soil with pH less than 5.5) that were not 
mycorrhizal. This is in line with the observations of numerous investi- 
gators, including Frank (1885) in Germany who recorded the invariable 
conversion of short roots into mycorrhizal roots, and also including 
Melin (1917, 1923, 1925 and 1927) in Sweden. Kelley (1932) re- 
ports similar phenomena for practically all woody plants he has exam- 
ined in the eastern and middle western United States during the past 
four years. 

The apparent lack of agreement among workers in this field arises 
in part from failure to distinguish the various root forms. The diag- 
nostic characteristics of the several types of roots occurring on Pine are 
discussed below. 


CLASSIFICATION OF PINE ROOT SYSTEMS 


Root systems of conifers exhibit several kinds of roots and are there- 
fore called “heterorhizic” by Noelle (1910). Two broad types are dis- 
tinguished: (1) long roots (“Bereicherungswurzeln”) and (2) short 
roots or absorbing roots (“Kurzwurzeln, Saugwiirzelchen” or 
“Ernahrungswurzeln”). Anatomically these differ in Pinus as follows: 

1. Long roots are furnished with root caps, while short roots lack 
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this structure, having a few layers only of cells beyond the plerome 
apex. (Plate 57, A and B.) 

2. Long roots are diarch or polyarch, while short roots are monarch. 
(Plate 57, D.) 

3. The diameter quotient, that is, ratio of stele diameter to total 
diameter, of short roots is significantly lower than that of all other 
types of roots (Aldrich-Blake, 1930, p. 24). 

4. Long roots exhibit secondary growth, while this condition has 
never been observed in short roots (Noelle, 1910, reports a questionable 
observation to the contrary). 

5. Root hairs arise from the second or third layer of cortical cells in 
long roots (Plate 59, D; Noelle, 1910; Aldrich-Blake, 1930) and from 
the epidermal cells in short roots when the latter possess these struc- 
tures (Plate 57, B and D). 

6. Long roots branch racemosely, while short roots branch dicho- 
tomously only. (Text fig. 1 and plate 58, C.) 


In addition. to anatomical differences these roots have vastly differ- 
ent elongation rates. Finally, barring accidents, long roots, in nature, 
are permanent structures, while short roots are ephemeral. 

It should be mentioned that the monarch structure in uninfected 
short roots is demonstrated for the first time in this paper (Plate 57, 
D). Previous workers have apparently considered that the monarch 
structure resulted from infection by mycorrhizal fungi. Noelle (1910, 
p. 254), for example, writes—‘Die unverpilzten Ernahrungswurzeln 
besitzen dagegen einen wohl ausgebildeten diarchen Protoxylemstrang, 

. .’ The materials Noelle studied were all from soils. It is prob- 
able, therefore, that most of the short roots were converted into mycor- 
rhizal structures, and that Noelle’s “unverpilzten Ernahrungswurzeln” 
were in actuality arrested diarch lateral root initials. The latter are 
described in detail below in the section headed ‘“‘Types of long roots.” 

The gross characteristics of long and short roots are illustrated in 
Text figure 1. The root system of a seedling grown in a mixture of 
sand and forest humus (the infektionsjord of Hesselman, 1927, p. 361; 
also Gast, unpublished) is shown. It has 24 long roots (totaling 65 
cm. in length) in addition to a 25 cm. radicle or tap root. Including 
arrested laterals it had 435 short roots (quite a few of which were 
broken off in transit to America before the photograph was taken). 
Arrested laterals are to be noted along the radicle and on one upper- 
most side branch. A slow-growing lateral that was not attacked—as 
evidenced by absence of swelling and of dichotomy in the basal portion 
—by a mycorrhizal fungus until it had reached a length of about 1 cm. 
is marked by the digit “4.” The short roots are either mycorrhizal or 
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Ficure 1. Root System or Pinus.-— 


Entire root system of a three months old seedling of Pinus sylvestris L. 
grown in sand-mixed humus (infeksionsjord Jéndker, Sweden; unpub- 
lished material of P. R. Gast’s, Harvard Forest); X 1.58. (1) Mother 
root, the tip of which is mycorrhizal; (2) short roots-attacked by M. R. 
atrovirens type of fungus; (3) dichotomously branched short roots ; 
(4) arrested lateral root initials. 
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pseudomycorrhizal. Mycelium of the Mycelium radicis atrovirens type 
(Melin, 1923, p. 223) is visible on many of the short roots. The 
longest true short root on the system does not exceed 3 mm. in length. 

The comparative abundance of long and short roots on experi- 
mental seedlings is given in Table 1. These seedlings had an average 
of 19 long roots and 474 short roots per seedling. Thus 96 per cent 
of the growing root tips are short roots. This is of considerable sig- 
nificance when it is considered that ordinarily these are all mycor- 
rhizal, while the remaining 4 per cent—long root tips—on the other 
hand rarely acquire this structure. 


TYPES OF LONG ROOTS 


The term “long root” includes (a) the radicle or tap root (also a 
replacement radicle should the original radicle be injured), (b) diarch 
laterals called “mother roots” and (c) polyarch continuations of 
mother roots termed “pioneers.” Of these the radicle is the most 
strongly developed root in young seedlings. It is polyarch, has a large 
diameter quotient and a large and well-developed root cap. Lateral 
roots emerge from the radicle. These either abort (see below) or 
become mother roots. The latter are diarch and are characterized by 
a moderate elongation rate and by the production of numerous short 
roots and secondary laterals. At variable distances from their points 
of origin mother roots are converted into pioneer roots by augmenta- 
tion of the number of protoxylem strands. (In Scots Pine, however, 
all long roots remain diarch, Noelle, 1910). Pioneer roots are the 
most poorly-branched members of pine root systems, largely because 
of abortive secondary root initials (Aldrich-Blake, 1930). Pioneer 
roots elongate rapidly, have an intermediate diameter quotient, and a 
well-developed root cap. Collectively these roots markedly increase 
the spread of root systems. They likewise bear lateral and secondary 
- roots in abundance (particularly true of mother roots). To what 
extent the growing tips of long roots, where the conduction systems are 
undifferentiated, function as absorbing organs is known by specula- 
tion only. The early development of secondary endodermis a short dis- 
tance back of the tips presumedly soon prevents absorption. Most 
workers have assumed that absorption is accomplished mainly by short 
roots. An experimental background for the assumption is lacking. 
Although a long root is capable of being converted into a mycorrhiza 
this condition is comparatively infrequent (Melin, 1927). 

A knowledge of the behavior of diarch lateral root initials is essen- 
tial to a proper understanding of the mycorrhizal habit. Three des- 
tinies are possible as follows: (1) they may abort before or during 
emergence or before they have reached an appreciable length; (2) 
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they may be attacked by microdrganisms with resultant conversion into 
mycorrhizal or pseudomycorrhizal structures; (3) they may, by con- 
tinued growth, become mother roots. The latter in turn give rise to 
initials having the same possible destinies and to monarch short roots. 

The distribution of lateral root initials along the radicle in Corsican 

Pine, their growth and their anatomital features have been studied by 
Aldrich-Blake (1930). He found that seedlings grown in a sandy soil 
produced initials opposite any of the four protoxylem points at dis- 
tances of 1.6 to 2.7 mm. apart. One-half of these became abortive 
before they grew one millimeter in length and only one-sixth grew | 
beyond the very moderate length of 10 mm. The termination of 
growth in many initials at an early stage was associated with mycor- 
rhizal formation. The question of whether they were predestined to 
become mother roots or mycorrhizal roots was therefore examined. 
Internal as well as external factors were judged to be operative as evi- 
denced by the finding of an abortive initial that had ceased growth 
while still within the intact endodermis of the parent radicle (1. c., 
p. 22). It was further determined that the initial size of the roots 
which became mycorrhizal was distinctly smaller than that of those 
which continued growth and became mother roots. Aldrich-Blake 
writes, for example—‘The mean protoxylem diameter of the mother 
roots was 117 + 6 yu, while that of the diarch basal portion of the 
dichotomized roots was 73 + 3 uy; and the probability of significance 
of the difference between these two measurements was over 100 to 1” 
(1. c., p. 23). He concluded that the two types of roots were distinct 
from the very beginning in respect to size and that conversion to 
mycorrhizal organs was “the response of feeble roots to strong fungal 
infection” (l. c., p. 24). Melin (1925) also presents convincing evi- 
dence that many laterals are “feeble” from the very beginning. It is 
- apparent from photographs (Melin, 1. c., pp. 60-62, figs. 23-27) of 
Pinus sylvestris that even in the complete absence of microérganisms 
and in a uniform substratum the common differentiation of laterals into 
slow-growing roots and mother roots still occurs. After three years 
many of the slow-growing laterals on pure culture seedlings had not 
reached the length of one centimeter (1. c., 1925, p. 61). 

During examinations of approximately 2500 seedlings of Pinus syl- 
vestris L. and P. Strobus L. grown in pot cultures (containing mixtures 
of forest humus or soil and sand) one of the authors has observed that 
only in the autumn, after elongation of the rapidly growing long roots 
has nearly ceased, do the tips of the latter frequently acquire the 
mycorrhizal structure (Plate 59, A). This leads us to believe, espe- 
cially in view of the slow elongation rate of short roots which normally 
are always converted into mycorrhizal organs, that rapid elongation is 
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the primary reason long roots ordinarily escape attack by mycorrhizal 
fungi. This hypothesis assumes (1) that mycorrhizal fungi can only 
successfully attack a root in the primary condition, and (2) that in 
rapidly growing long roots the secondary condition is acquired before 
mycorrhizal fungi are able to penetrate sufficiently to initiate the char- 
acteristic response. Rayner (1927, p. 99) has in part explained a 
somewhat similar phenomenon, namely, the absence of the endophyte 
from rapidly growing roots of Calluna vulgaris (L.) Salisb. in the early 
spring, by assuming differential growth rates for fungus and root at low 
spring temperatures. The same phenomenon is probably operative in 
tree seedlings, except that root growth rather than fungal growth is 
assumed to be retarded by low temperatures or other factors. In this 
connection a seedling of Pinus resinosa Ait. grown under very adverse 
conditions in pure culture has been observed to have all of its roots 
_ (long as well as short) converted into mycorrhizal roots (later com- 

munication by Hatch). We conclude, therefore, that every root tip in 
the primary condition is theoretically capable of conversion into a 
mycorrhiza. That this normally does not occur in nature we attribute 
to differences in rapidity and character of growth of long and short 
roots. 

Lateral root initials that become mycorrhizal (Plate 59, B) acquire 
the monarch structure in the dichotomized branches above their diarch 
basal portion, and they are ephemeral structures. They undoubtedly 
function in the same manner as true mycorrhizal short roots. For the 
purpose of our present discussion, therefore, we may include them in 
the category of short roots. 


LY PES OF SUORTIROOTS 


Three distinct kinds of short roots may be distinguished: (1) the 
uninfected short root, (2) the infected short root in which the mycor- 
rhizal structure is absent (pseudomycorrhiza), (3) the infected short 
root which has acquired the mycorrhizal structure (mycorrhiza). 

The first of these, or uninfected short roots, are distinguished by the 
following features (Plate 57, B): — 

1. Formation of root hairs from epidermal cells (when grown in a 
suitable nutrient solution and in a substratum that is adequately 
aérated). 

2. Continuous although slow elongation. 

3. Absence of hypertrophy of cortical cells. 

4. Complete absence of fungus infection. 

5. Frequent but not profuse dichotomy’ (Melin, 1925, figs. 23, 24). 


1Jt should be noted that dichotomous branching of the short roots is an exclu- 
sive habit, so far as is known, of the genus Pinus among conifers. The term 
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This type of short root is exceedingly rare. It appears consistently 
and probably exclusively in pure cultures and in open, mineral solution 
sand cultures that are free from organic materials. Root hair pro- 
duction is dependent on the condition of the substratum relative to 
aération and chemical composition (Melin, 1925, p. 61). It is notable 
that root hairs on short roots are elongations of epidermal cells (Plate 
57, B and D). Its diagnostic value, considering that all root hairs on 
long roots of Pine originate from the second or third layer of cortical 
cells (Aldrich-Blake, 1930, p. 16; Noelle, 1910; and Plate 59, D of 
the present paper), has not been emphasized. In pure culture short 
roots exhibit renewed yearly growth in length and have been reported 
to reach a maximum length of 20 mm. in two years (Melin, 1925, 
p. 60). The absence of a root cap on mycorrhizal roots is considered 
to be a natural consequence of attack by mycorrhizal fungi by Laing 
(1932). McArdle (1932, p. 312) on the other hand attaches physi- 
ological significance to the presence of this structure in mycorrhizal 
roots. That it actually is not present on either uninfected or mycor- 
rhizal short roots in Pinus is demonstrated in Plate 57, A, B and C. 

The second type of short root exhibits infection, but of a distinctly 
non-mycorrhizal type. The name pseudomycorrhiza was given to this 
structure by Melin (1917). Melin applied it to short roots possessing 
the following features, which likewise are characteristic of American 
material: 

1. Intracellular infection by soil inhabiting fungi that are usually 
of minute proportions. 

2. Absence of root hairs. 

3. Absence of hypertrophy in cortical cells of the roots. 

4. Complete absence of intercellular net (Hartig’s net). 

5. Early termination of growth in length (two to three millimeters 
is usually the maximum length). 

6. Occasional dichotomous branching. 


The general habit of pseudomycorrhizal roots of Pinus sylvestris is 
illustrated in Plate 58, A. A longitudinal section of one of these is re- 
produced in Plate 57, A. A common type of infection of the cortical 
cells is shown in Plate 60, B, C and D, and by Melin (1917, fig. 39). 
Moller (1902) first called such a structure an “entotrof” mycorrhiza 
because it was characterized by endophytic infection only. Méelin 
(1917, p. 360) pointed out that it exhibits no similarity to the true 
endotrophic infection occurring in the Ericaceae and Orchidaceae. 
“Gabelmykorrhiza” ‘was coined by Melin (1923) in his studies on Pinus to cover 
mycorrhizal roots characterized by this type of branching. In this connection 
McArdle (1932, p. 295) has referred to the coralloid mycorrhiza of Spruce as the 


“Gabelmykorrhiza” of Melin; but the mycorrhizal short roots of Spruce branch 
racemosely and should not be confused with the dichotomous type. 
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Neither may it be confused with an ectotrophic mycorrhiza since the 
fine endophytic hyphae wander from cell to cell without regard to 
structure, even occurring in the endodermis and parenchyma cells of 
the central cylinder (1. c., p. 359). Hyphae never occur in masses in 
the cells (ibid.). Several species of fungi may be present at once 
either in abundance or in extreme scarcity. In exterior appearance a 
pseudomycorrhiza differs from an uninfected short root chiefly in its 
shorter length and darker color, when the latter does not possess root 
hairs. 

In contrast to the foregoing root types, attack by a mycorrhiza- 
producing fungus normally results in short roots that possess the fol- 
lowing well-known features: 

1. Intercellular net between cortical cells (Hartig’s net). Plate 
59, E; Plate 60, A. 

2. Intracellular infection of the cortical cells (which may or may 
not be discernible; Melin, 1925). 

3. A fungal mantle composed of a few to many layers of tightly 
packed and interlaced hyphae covering the region of cell hypertrophy 
(Plate 60, A). The mantle has been reported to be almost completely 
lacking on mycorrhizal short roots of certain experimental seedlings 
(Melin, 1925). 

4. Hypertrophy of the cells of the cortical region. 

5. Characteristic profuse dichotomous branching with age (Plate 
Sey C}:. 

6. Continued elongation of the dichotomous branches under favor- 
able conditions of soil and weather during one growing season. 

The external appearance and internal structure of a typical mycor- 
rhiza is illustrated in Plate 57, C; Plate 58, C; Plate 60, A. The cells 
of the cortical region of an uninfected short root of Pinus Strobus 
grown in pure culture (Plate 57, C) are on the average 29 y in radial 
and 61 yu in longitudinal directions. Dimensions of similar cells of 
a mycorrhizal short root (Plate 57, B) [also pure culture P. Strobus 
and Lactarius deliciosus (L.) Fr.| are 43 y and 40 1 respectively in 
radial and longitudinal section (average of 15 cells“in both cases). 
Based on the uninfected short root, therefore, the increase in radial 
size (hypertrophy) of individual cells is 67 per cent. The diameter 
of the uninfected short root is 300 y, while the average diameter of 
the mycorrhiza in this case is 485 1, an increase of about 62 per cent. 
Comparative studies of pure culture seedlings indicate that mycorrhizal 
formation in short roots of Pine is not accompanied by either hyper- 
plasia or hypoplasia. It is evident, therefore, that Laing’s statements 
(1932, pp. 10, 11) that the root cap disappears during the develop- 
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ment of a pine mycorrhiza and that the number of cortical cells is less 
as a result of mycorrhizal formation arose from failure to distinguish 
between long and short roots. Attack by mycorrhizal fungi, if early in 
the season, almost invariably results in dichotomous branching of the 
short root. Judging from the exceedingly slow growth of uninfected 
short roots (see above), including slow growing laterals, the authors see 
little basis for the numerous references in the literature to the cessation 
of elongation of roots following attack by mycorrhizal fungi. Laing 
(1932), in concluding that mycorrhizal fungi exert a retarding influence 
on growth in length of “rootlets,” evidently failed to make comparisons 
with uninfected short roots or to include data supporting this view. In 
this connection McArdle (1932) reports that he observed the forma- 
tion of what he believed to be “mycorrhizae” through glass plates in 
sand cultures and that elongation did not proceed after attack by 
mycorrhizal fungi. McArdle’s photographs (ibid., figs. 1-6) as well as 
his measurements demonstrate conclusively that he was dealing entirely 
with long root tips. That mycorrhizal short roots do grow after attack 
by the causative fungus is adequately evidenced by profuse dichotomy 
which probably never occurs in the absence of true mycorrhizal infec- 
tion. Likewise the present authors have observed continued growth 
and branching of typical mycorrhizal short roots, individually, in their 
own pure cultures on several species of Pines in association with several 
species of Hymenomycetes. The profuse branching of a mycorrhizal 
short root of P. Strobus is illustrated in Plate 59, C. This short root 
has approximately 50 individual growing tips; another growing beside 
it had 84; in fact, all of the short roots on the long root from which 
these were taken were much branched. We can find no reason to 
assume that the total length (from the base of the mycorrhiza to the 
tip) of any of the numerous tips is less than the total length of the short 
- root would have been had it remained non-mycorrhizal. Instead, mul- 
tiple tip growth represents a greatly accelerated development which 
increases the absorbing surface many times. In this connection, it is to 
be noted that by means of hypertrophy of the cortical cells and increase 
in surface area by means of absorbing fungal hyphae the surface area of 
a single-tipped mycorrhizal short root seemingly already exceeds that of 
an uninfected one. A comparative study of the actual absorbing power 
of mycorrhizal and non-mycorrhizal short roots should yield interesting 
results. 


We have shown that anatomically and morphologically a short root, 
the organ ordinarily involved in an ectotrophic mycorrhiza, differs 
markedly from a long root. It seems logical to assume that these root 
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types differ as fundamentally in their physiological functions. In in- 
vestigations designed to elucidate mycorrhizal nutrition, therefore, it is 
essential that these differences be recognized and that the types and 
subgroups of roots be adequately separated. Similarly in ecological 
studies, when the abundance of mycorrhizal roots is given in percentage 
or other figures, these data should apply to short roots only; and these 
should be separated into the three subgroups—mycorrhizal, pseudo- 
mycorrhizal and uninfected short roots respectively. 
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DESCRIPTION OF PLATES 


Plate 57. A. Longitudinal section of a pseudomycorrhiza of Pinus syl- 
vestris; X 119. (Unpublished results of a growth experiment 
with Swedish soils of varied carbon nitrogen ratios conducted 
Bs Professor E. Melin and the senior author.) See also Plate 

8, A. 

B. Longitudinal (not medial) section of P. Strobus short root 
grown in pure culture, showing absence of hypertrophy and a 
root hair arising from an epidermal cell; x 69. 
C. Longitudinal (not medial) section of dichotomized mycor- 
rhizal short root of P. Strobus grown in pure culture with 
Lactarius deliciosus showing mantle, intercellular net and cell 
hypertrophy; X 67. (Ditto; Plate 58, C.) 
D. Transverse section of monarch short root of P. sylvestris 
grown in open sand culture showing root hairs arising from 
epidermal cells; X 123. (Nutrient sand culture.) 
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A. Pseudomycorrhizal short roots on mother root of P. syl- 
vestris; X 12. (Ditto; Plate 57, A; material from unpub- 
lished data of Professor E. Melin and the senior author.) 

B. Uninfected short roots possessing root hairs on mother 
root of P. Strobus in pure culture; X 12. 


C. Mycorrhizal short roots on mother roots of P. Strobus 
grown in pure culture with Lactarius deliciosus; X 10. 

A. Mycorrhizal mother root tips of P. Strobus; plants re- 
moved from soil after onset of cold weather, showing also 
young mycorrhizal short roots; X 8.8. Grown in sand-mixed 
humus (Infektionsjord from forests in Sweden. See Hessel- 
man, 1927, and Gast, unpublished. ) 

B. Lateral root initial from radicle of P. sylvestris converted 
into a mycorrhiza; basal portion pseudomycorrhizal;..X 12.5. 
C. Profusely branched short root of P. Strobus; X 8.8. 

D. Root hairs on long root of P. Strobus originating sub- 
epidermally ; 470. 

E. Intercellular net (Hartig’s net) in a mycorrhiza of Tsuga 
canadensis (L.) Carr.; X 512. 

A. Mantle structure and intercellular net of cortical cells in 
a mycorrhiza of P. rigida Mill.; & 330. 

B, C and D. Pseudomycorrhizal type of infection in long 
roots of P. Strobus; X 512. 
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